Modeling postgraduate students flow by Rahim, Rahela et al.
 
 









RAHELA ABDUL RAHIM 
HASLINDA IBRAHIM 


















We are responsible for the accuracy of all opinion, technical comments, factual report, data, 
figure, illustration, and photographs in the article. We bear full responsibility for the checking 
whether material submitted is subjected to copyright or ownership right. UUM does not accept 
any liability for the accuracy of such comment report or other technical and factual information 




























First and foremost, Praise to Allah for all His blessings and guidance who has given us all we need to 
complete this research. We would like to convey our sincere thanks to Universiti Utara Malaysia for 
providing grant for us to study the research problem at hand. 
We would like to acknowledge and extend our heartfelt gratitude to Zarina Ismail an information system 
officer at Universiti Utara Malaysia who has helped us in providing information towards the completion 
of this research. Her cooperation and smoothes during data gathering process really helped us in doing 
this study. 
Our appreciation also goes to the faculty members who have helped supported us directly or indirectly, 
throughout the research process. Last but not least, we would also like to express our deepest gratitude to 
the officials and other staff members of Research and Innovation Management Center (RIMC) of UUM 
















Purata masa yang diambil untuk menamatkan pengajian dalam pendidikan tinggi 
adalah berbeza-beza bagi sesebuah universiti mengikut bidang pengajian, umur, dan 
mod pengajian samada sepenuh masa atau separuh masa. Selain itu, jumlah 
kemasukan pelajar pada setiap semester adalah tidak diketahui dan ini menyebabkan 
pihak pengurusan universiti sukar untuk membuat perancangan strategik dan 
memperuntukkan sumber-sumber mereka. Oleh itu, kajian ini bertujuan untuk 
meramalkan bilangan kemasukan pelajar pada setiap semester dan memahami aliran 
pelajar di dalam program pengajian mereka seperti purata masa yang dihabiskan 
dalam program pascasiswazah, kebarangkalian yang dianggarkan untuk menamatkan 
pengajian dan juga kebarangkalian menggugurkan pengajian mereka. Data pelajar-
pelajar pascasiswazah yang meliputi pelajar sepenuh masa dan separuh masa di 
Universiti Utara Malaysia (UUM) dipilih dalam kajian ini. Kajian-kajian yang lalu 
telah membincangkan beberapa kaedah yang telah digunakan dalam unjuran 
kemasukan dan kaedah yang paling sesuai untuk digunakan dalam kajian ini adalah 
rantaian Markov. Kesahihan model ini dinilai dengan membandingkan dengan data 
asal menggunakan purata peratus kesilapan mutlak (MAPE). Keputusan 
menunjukkan model rantaian Markov cemerlang dalam membuat unjuran 
kemasukan, dan absorbing state yang digunakan boleh menganalisis sistem dengan 
lebih lanjut. 
 











The average time taken to complete a course and the completion rate in higher 
education vary among students at a university according to their field of study, age 
and mode of study. Moreover, without any quantitative tools in predicting student 
admissions into the university, its management will encounter problems in setting up 
their strategic planning and allocating their resources. Hence, this study aims to 
predict the number of student enrolments each semester and understand the flow of 
students in a system, such as the mean time they spend in their postgraduate 
programs, and the estimated probability of graduating as well as dropping out from 
their studies. A data of full-time and part-time postgraduate students at Universiti 
Utara Malaysia (UUM) was chosen for this study. Previous works have been 
discussed on several methods used in an enrolment projection, and the most suitable 
method to be used in this study is the Markov Chain Model. The validity of the 
model is evaluated by comparing it with the historical data using mean absolute 
percent errors (MAPE). The result shows that the Markov Chain Model excels in 
making the enrolment projection, and the absorbing state used can analyse the system 
in further depth.  
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Students play an important role in a university. They can be considered as the main 
assets in determining the path of the national higher education system. As mentioned in 
the National Higher Education Strategic Plan which was launched in June 2011, it 
emphasized on students as a catalyst for Malaysia to achieve its aim of being a high-
income country. This mission can be achieved by producing graduates with a first-class 
mentality, where they can generate creative and innovative ideas for Malaysia’s future. 
Hence, it is important for universities to monitor their students’ achievements so that 
they can finish their studies as well as contribute to the nation’s development. 
 
Students’ achievements can be measured during their study process by analyzing their 
flow through the educational system. The meaning of student flow analysis is that 
students are tracked through their degree pathway over various grades, taking into 
account students’ retention, graduation, dropouts or transfer programs (Young & 
Redlinger, 2000). As shown in universities in Australia, they used completion rates, 
retention rates and progress ratio as key performance indicators to measure students’ 
performances in their studies (Department of Employment Education Training and 
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Youth Affairs, 1998). The information on student flow is important to the university and 
acts as a diagnostic tool to identify and rectify problems in order to keep students on 
track. Moreover, using this information, the university can predict the number of 
enrolments for every semester intake and plan their resources such as scheduling 
students into classes (for coursework mode), scheduling students into supervisors (for 
research mode), determining spaces needed for example car parks, hostels, cafeterias 
and etc.  
 
There is a need in an education system to have planning models. In order to stay 
competitive and successful in the education system, a great decision must be made by 
the administration, faculty and students (Hopkins & Massy, 1981). Schroeder (1973) 
divides the application of models into six categories: (1) Planning, Programming, and 
Budgeting Systems (PPBS), (2) Management Information Systems (MIS), (3) Resource 
Allocation Models, (4) Models for Student Planning, (5) Faculty Staffing Models and 
(6) Optimization Models. Each model has its own purposes. Tracking student flow falls 
under the fourth category, which is the Models for Student Planning. This category 
includes scheduling students into classes, projecting enrolments, and tracking student 
flow through an institution. The first model (PPBS) is used to set institutional goals and 
objectives and at the same time evaluate alternatives in achieving those goals and 
provide support to the educational program. The second model (MIS) is used to collect 
information, store and retrieve them for planning and control purposes. The data that can 
be included in this model are financial and budget data, employment record, student 
enrolments and so on. The third model which is the Resource Allocation Models relates 
the inputs of educational processes to the resources needed. The fifth model which is the 
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Faculty Staffing Models is used to study flows in the faculty area such as tenure and 
non-tenure faculty movements and retirement rates. The last model which is the 
Optimization Models refers to finding the set of policies, resource mix and so on in 
order to maximize or minimize some objectives. These models above can be used to 
measure the effectiveness and study performances of an education system. 
 
Once students enroll at a university, they will undergo certain processes. They will 
complete their studies based on the requirement duration of study. Master’s and PhD 
students have a different length of time, but there are some students who fail to finish 
their studies within the specified time. A high non-completion rate, dropouts and repeat 
programs give rise attention to policy-makers and educators at universities. These 
problems will affect the cost and employment opportunities. Dropouts are costly and 
give a high level of unemployment rate. They may earn a lower salary than graduate 
students (Rumberger, 1987). There are several factors that cause students to drop out 
from their studies. Many students drop out because they find job opportunities after they 
enter postgraduate studies (Marsia, Maria & Martin, 1998). They also drop out from the 
program for several reasons such as  no job contract, lack of interest of the supervisor, 
weak results of the research project, lack of cooperation in the department, competition 




1.1 Problem Statement 
One of the key indicators in measuring the effectiveness in an organization is the 
analysis of the student flow in the education system. So, universities must understand the 
behavior of the flow pattern of the specific PhD and Master students. A preliminary 
examination of the data of student progression indicates that there is a poor completion 
rate among students because many students dropped out from their programs. It also 
shows that some students take longer time to finish their studies. This happens because 
of the lag between the time students enrolled and the time they graduated which vary 
among them and this automatically affect the average time they spend in a system.  
 
Hence, a study on student flow such as determining the mean time students spend in a 
system, predicting the number of student enrolments, as well as estimating graduation 
and dropout rates is needed since it gives an impact on the internal planning of a 
university. Without knowing the number of students each semester, the university finds 
it difficult in making any strategic planning and is troubled in managing their resources 
(Shah & Burke, 1999). Therefore, the university must have a better planning tool in 
managing their organization well. Planning as the heart of any decision making acts as 
an alarm for administration with any possible action taken. Without any decision tools in 
helping university planners to make a decision, it is difficult for them to take the 
appropriate actions such as to predict the number of incoming students each year, 
allocate lecturers into classes and so on. Due to this matter, decisions in educational 
policies and planning require the student enrolment projection model. This model will 
translate into the demand for courses, personnel planning, facilities and other services 
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needed. In addition, by understanding the flow of students’ progression during their 
studies, we can track the problems if exist and take remedial actions to improve the 
matter.  
 
Hence, this study aims to predict the number of future postgraduate student enrolments 
and understand the flow of students in the system. It is hoped that this study will answer 
the following questions; 
i. How many students have graduated from the programs? 
ii. How many students have dropped out from the programs? 
iii. What is the mean time students stay in the postgraduate programs? 
By doing so, this study is meaningful in helping universities to ascertain suitable actions.  
 
1.2  Research Objectives 
The main objective of this study is to propose a model to predict the number of future 
enrolments based on past enrolment levels and new student enrolments. In order to 
achieve the main objective, there are several specific objectives that need to be 
considered in the study; 
i. To estimate the probability of postgraduate students graduating from the 
programs.  
ii. To estimate the probability of postgraduate students dropping out from the 
programs. 




1.3 Scope of the Research 
This study aims to determine the suitable model for postgraduate student flow. 
Universiti Utara Malaysia (UUM), specifically at the Sintok Campus, is used as the case 
study to develop the student flow model. In this work, we focused on the number of 
student enrolments, the estimated mean time for students to finish their studies, and also 
the probability of students dropping out and graduating from their programs. This study 
concentrates on full-time and part-time Master’s and PhD students.  
 
1.4 Organization of the Report 
This report is presented in five chapters. The overview for the next chapter is described 
as follows. Chapter two reviews some of the previous works conducted on enrolment 
projections which used various methods and variables in their studies. The strengths and 
limitations of each method are also explained here. Chapter three describes the data used 
and the proposed technique that is suitable for this study. Chapter four presents the 
results which have been obtained from the proposed method. An analysis and discussion 
on each finding is presented as well. Finally, chapter five provides a summary of the 







A brief description on issues related to student enrolment projections is discussed in 
this chapter. This chapter also reviews several previous researches on techniques and 
variables used to develop an enrolment projection model.  
 
2.1 Enrolment Projection 
A prediction of student enrolments in a future time, better known as enrolment 
projection, is important in many ways to universities. Basically, there are three major 
purposes: for predicting tuition revenue, for planning courses and curriculum, and for 
resources allocation (Hopkins & Massy, 1981). The enrolment projection provides 
planners with short or long-term enrolment projections, which include the 
information on the flow of students between semester or year of enrolment and 
various programs based on user-controlled variables. Examples of such variables 
include student grades, scores, demographic information, economic status and etc 
(Guo, 2002). 
 
There are numerous methods that are applicable in enrolment planning, ranging from 
very simple to mathematically complex. When we have several methods to be 





Thus, it is necessary for researchers to assess their models using mean absolute 
percent error (MAPE) (Guo, 2002).  Guo (2002) said that the selection on variables 
used will also give a significant effect on the accuracy of the modeling projection. 
According to Kantowitz, Roediger and Elmes (1991), they mentioned the criteria that 
we need to follow in selecting models for forecasting. When we have two models 
with the same complexity, the one with better accuracy is selected. If we have two 
models with the same accuracy, then the simpler model should be adopted.  
 
2.2 Related Work on Methods Used in Enrolment Projection 
Many methods have been applied in predicting the number of student enrolments for 
a course. Among the techniques that are often used are ratio, cohort-survival, 
regression, Markov and simulation. The description of each method in terms of its 
usage, advantages and disadvantages are described below. 
 
2.2.1 Ratio Method 
The ratio method is easy to use and simple in calculating the enrolment number. This 
can be done by calculating the ratio of proportion of the respective students in one 
class level at time t  to students at the lower class level at time 1−t , then multiply 
with the actual number of students at time t  (Hopkin & Massy, 1981; Orwig, Jones & 
Lenning, 1972). If the number of students at the preceding year increases or 





trend. Many researches have been done in universities to predict the enrolment 
number. The summary of their studies are as follows.  
 
Orwig, Jones and Lenning (1972) provided alternative methods to project freshman 
enrolments for various departments at Kansas State University (KSU). They used the 
baseline model, trend line model, simple ratio model and Markov model. Each of 
these methods was then compared with the actual data and their mean squared error 
was computed. The result showed that the simple ratio model gave poor results 
compared to the others and suggested making an adjustment regarding the change in 
trends.  
 
Kinard and Krech (1977) used the age ratio method in projecting enrolments in 
public and private colleges and universities in South Carolina. This method is based 
on the fact that a statistical correlation existed in the past between college enrolment 
and age-population of the state. This correlation was then used to yield projected 
enrolments in year 1976 through 1985. The enrolment projection is directly related to 
the population projection. 
 
Healey and Brown (1978) illustrated the use of the ratio method in predicting 
university enrolments. This technique determines a ratio between the number of 
students who enrolled at two different times. It can be used as transition measures 





assumption of ratio smoothing is based on causal factors which influence the 
transition ratio. If the ratios remain approximately constant, it is possible to derive a 
formula for projecting a future ratio on the basis of past observations of the same 
ratio. When a trend in the ratios is apparent, an analogous model called ratio trend 
smoothing is applicable. ratio and ratio trend smoothing were used to project ratios 
for all grade classifications for three semesters into the future. The forecasted ratios 
were translated into actual enrolments by multiplying an enrolment figure by the 
ratio to arrive at a new projected enrolment. The result shows that ratio trend 
smoothing is the more sensitive planning model, though it must have substantial past 
information in order to function properly. On the other hand, at least ten past data 
points are necessary for it to begin performing with much accuracy. Ratio trend 
smoothing might have been reported as the optimal model more frequently, and 
thereby have indicated the occurrence of additional trends, if more data had been 
available. The disadvantage is, if the weight value does not remain stable and 
fluctuations occur at some point because of factors not inherent in the actual 
enrolments, observations must be available to give the model time to overcome this 
problem. 
                                                                                                                                                                                                                                 
2.2.2 Cohort-Survival Method 
The application of the cohort survival ratio method is by computing the survival ratio 
of group or cohort based on past experience in order to make the enrolment 
projection in the future. This method adopts the longitudinal outlook instead of the 





average survival ratio of the past two, three or more years can be calculated to best 
capture the rate of growth (Grip, 2004). 
 
One of the earliest studies by Schmid and Shanley (1952) used the cohort survival 
analysis in forecasting school enrolments at the University of Washington. They 
covered detailed data such as the age-sex breakdown of the population, age-sex 
specific mortality trends, age-specific fertility trends and migration trends. The 
projection was made from year 1951 to 1960. They made a comparison with the ratio 
method and the result showed that the cohort-survival method was more reliable. 
 
Legare (1972) measured students’ performance including those who got their degree, 
the average time spent in school and the mean educational attainment through cohort 
analysis. He considered the students who passed to the next grade, repeated the grade 
and those who left the school system to be classified by age and grade. He 
represented the calculation in the matrix form.  
 
Kinard and Krech (1977) used the cohort-survival method to project college 
enrolments in South Carolina, United States. This method requires detailed data on 
students’ movement yearly through the educational system, from elementary to 
secondary schools and through college. They assumed that this pattern will be 
followed in the near future. The result is true when future enrolment is increasing 





Grip (2004) applied this method for the enrolment projection at school districts using 
a sample population of less than 600 students. This method performed better for data 
less than 600 students and is viable for estimating short term period within the range 
of 1 to 3 years but loses its effectiveness for long range planning. 
 
2.2.3 Regression Model 
The regression model can also be used to estimate future enrolments. This method is 
needed to determine the factors that influence the number of students enrolled each 
semester or year. So, the determination of the independent variables must be done 
first before utilizing the regression model to predict the enrolment number (Correa, 
1974). There are a number of previous studies which adopted this technique in 
developing a mathematical model for enrolment projection. 
 
Webster (1970) reported that the simple regression procedure performed better 
estimates than the cohort survival ratio method when applied to 25 Michigan school 
districts over a five-year period. The differences between these two methods are 
made on the basis of the measurement of relationship used in the computation of 
projected enrolments. The cohort ratio method uses the proportion of a given 
predictor to the past, while the regression method depends on the coefficient of 






Banks and Hohenstein (1970) compared three prediction enrolment models for 
higher education in Georgia, namely the simple linear regression model, trends 
model and multiple regression model.  He found that the simple linear regression 
model and trend model represented a continuation of historical enrolments through 
the next decade but the multiple regression model deviated from the total enrolment. 
This is based on the independent variables chosen in this study which were not 
appropriate to predict the future which are deflated family income, consumer price 
index and high schools graduates. 
 
Wasik (1971) studied community college enrolments in North Carolina. He 
mentioned that, to estimate the total institutional enrolments, it is best to use the 
probabilistic model. Thus, the regression model appears to be appropriate to estimate 
the total of institutional enrolments for a particular year. This technique would be 
based upon information available on the following independent variables; (i) 
numbers of high school graduates per year, (ii) required local draft board needs per 
year, (iii) estimate of economic activity per year and (iv) country population.  
 
Healey and Brown (1978) provided an overview of the regression model in 
predicting enrolments. The difficulty with multiple regression lies mainly with the 
determination of the indicator variables, whether they tend to vary from college to 






Grip and Young (1999) illustrated the modified regression technique (MRT) to test 
accuracy in enrolment predictions. They compared it with the cohort-survival ratio 
(CSR) Method and the result was consistent with those made by Webster (1970) who 
used a single predictor variable. The MRT has added two additional variables and it 
performs better than cohort, and is accurate for long range planning under the same 
conditions. The disadvantage of using this method is that the independent variables 
are unknown for a future date of prediction and extrapolated from past values. 
 
Guo (2002) compared three methods in forecasting enrolments in six community 
colleges. They are the linear regression, auto-regression and three-component 
models. They used an eight-year worth of data from year 1992 to 2000 to predict the 
enrolment numbers of year 2000. Model 1 and Model 2 which are the linear 
regression and auto-regression models used variables population, college budget, and 
student fees as impact factors on enrolments. Method 3 which is known as the three-
component model is divided into three component groups: first-time credit students, 
returned credit students and non-credit students. The result shows that the auto-
regression model is close to the actual enrolment with the lowest mean absolute 
percent errors (MAPE), followed by the linear regression model and lastly the three-










2.2.4 Markov Model 
The use of the Markov method in predicting future enrolment figure is in matrix 
form. The transition proportion of students from one period to the next must be 
formulated in a matrix form and it is called the transition matrix. This transition 
matrix will be used to estimate future enrolments by multiplying it with the current 
number of students’ admission (Correa, 1974). There is an extensive research using 
the Markov method. 
 
Li (1971) examined student progression in an educational system from the 
demographic point of view by using the Markov process. This method was applied to 
the United State’s public school enrolments and it used data from 1961 to 1965. This 
research differs from other models of educational planning where the author 
proposed a conversion technique to obtain grade-specific dropout and mortality rates. 
Through extending this type of analysis, it is possible to reach a more realistic 
projection of school population. In making a successful projection of this research, 
the researcher needed to consider the stratification of the population of males and 
females, whites and non-whites and also to treat school population as an open 
system. 
 
Geary (1978) adopted the Markov chain approach for a primary school course in 
Swaziland. The Markov model presented in this study was intended to help forecast 





The author had mentioned about the construction and use of the social indicators of 
development, which emphasized the need for a balanced assessment of socio-
economic progress. These indicators are reflections of the internal efficiency of the 
system. The data used was between 1975 and 1976. 22 states were used in this 
research, in which they were referred to as sectors. The advantage of the Markov 
method is it allows re-entrance either in the same grade or the next grade. The 
suggested Markov approach attempts to reduce the possibility of such an error by 
presenting the education system in a slightly wider framework of social accounts. 
 
Bessent and Bessent (1980) studied doctoral students at the University of Texas, 
Austin in order to understand the flow in and out from the system which later will 
affect on the supervising professors. The Markov analysis has been employed in this 
study to determine the average time in a program state, the probability of withdrawal, 
graduation or continuing studies and also estimating the number of students enrolled 
for dissertation study for the next semester. The ten-year worth of data from the fall 
semester of 1969 to the fall semester of 1978 was used in this study. They found that 
this method can be used to make the long-run enrolment projection and the 
departmental university can control their faculty load.  
 
Nicholls (1983) used the absorbing Markov chain model for part-time and full-time 
students at Swinburne Institute of Technology (SIT), Australia, purporting to 
represent the stocks and flows of undergraduate students. The four-year data of 





data of students’ records, thus facilitating the obtaining of more accurate and 
representative estimates for the Markov model parameters. By using the Markov 
model, it is the basis for the evaluation of some steady state statistics which revealed 
the impact of the high attrition rates upon the faculty. 
 
Borden and Dalphin (1998) studied a Markov chain analysis of undergraduate 
students’ progress into the same or higher level, to a complete degree or to a non-
returning status. They include the effect of student characteristics such as grade-point 
average (GPA) performance and course credit-load (full-time or part-time status) 
differences on student graduation and retention rates. Results showed the average 
time to reach from one state to another (freshman to sophomore) and to terminal state 
(degree).  
 
Shah and Burke (1999) modelled the Australian undergraduate students in 
completing a course. They use a Markov chain model to estimate the probability of 
students in completing a course, the mean time taken to complete it and the average 
time spent in the system. The Markov chain technique can reflect the various 
scenarios of intake of students based on demographics, school retention rates and 
other policy mixes. 
 
Hair (2002) used the absorbing Markov chain to model the flow of undergraduate 





university has begun its operation in the year 1997, and a study of student flow has 
been undertaken for the next four years. Students are tracked from the fall semester 
of 1997 through the fall semester of 2001. The smoothed transition matrix was 
introduced to improve the calculation of the number of continuing students for the 
next semester.  
 
Armacost and Wilson (2004) proposed the Markov chain model to project university 
and program level enrolments at the University of Central Florida. They presented 
this idea in the annual conference of Southern Association for Institutional Research 
(SAIR). Their objective is to find the simplest model in predicting the future 
enrolments based on past data of enrolments in 1999 to 2003 and made a projection 
for year 2004 to 2013. They suggested the combination of methods between the 
Markov chain and cohort flow model but the combined approach needed an 
agreement among models at some level and caused this approach to become complex 
and more difficult to explain.  
 
Adyda and Hashibah (2006) applied this technique to model the flow of 
undergraduate students in Universiti Utara Malaysia. They used the same 
characteristics of data as reported by Shah and Burke (1999) but they included the 
qualification characteristics in entering the higher institution. This application is for 






Nicholls (2007) examined the completion rates and duration of study for Master’s 
and PhD students by research within an Australian Faculty of Business. He 
developed an absorbing Markov Chains Model and separated the model into two; 
PhD student flow model and Master’s student flow model. He also considered both 
part-time and full-time modes of study and permitted transference between them 
during the span of the study.  He made a suggestion for future researches to 
determine the number of students that need to be recruited in the system.  
 
Al-Awadhi and Konsowa (2007) were aware about the students’ performance at the 
Faculty of Science in Kuwait University and were interested in understanding the 
flow of students from the time they enrolled and the time they graduated from the 
system. They used the data of 250 students and applied the absorbing Markov chain 
method to obtain the failure rate, graduation rate and the average time students spend 
in a system. They suggested extending investigation for students who had finished 
their studies in a longer time to keep them on track.  
 
2.2.5 Simulation Model 
The simulation model is designing a model that mimics the real world problems by 
using what-if analysis (Razman, 2006). It can be used to test and evaluate new or 
existing systems without implementing the real solution. Hence, it will reduce the 
cost of implementation and also save time. It can also be used to predict the 





in many systems such as in ports (De Weille & Ray, 1974; Mettam, 1967), education 
(Baisuck & Wallace, 1970; Chang & Radi, 2001; Hanna & Ruwanpura, 2007; Koski, 
1968), offices (Gröβler & Zock, 2010; Proctor, 1997), healthcares (Najmuddin, 
Ibrahim & Ismail, 2010; Proctor, 1996) and so on. The summary of some previous 
work on the application of the simulation model in education system are provided 
below. 
 
Koski (1968) used simulation models for campus planning at the University of 
Washington. This research studied the relationships between student academic 
programs and resulting space needed by various categories such as student parking, 
housing, food services and so on. The simulation model is designed using computer 
language (COBOL) with an interrelated computer program. The advantage of using 
computer simulation models is it is easily accessible, has up-to-date data bank and 
conflicting information would be eliminated.  
 
Baisuck and Wallace (1970) applied the simulation model to project enrolments in 
the higher education system. This method was evaluated deeply by Rensselaer 
Polytechnic Institute, a public city university, a community college and state-wide 
planning activity. This method can incorporate any assumptions about the future by 
changing the original set of projection without involving high cost. The advantages 
of the simulation method are not only does it reduce administration cost, but it is also 





Chang and Radi (2001) used the simulation models for United Nations Educational, 
Scientific and Cultural Organization (UNESCO) education planning and act as a tool 
in simulating future enrolments and other resources such as teachers, classes, schools 
and financial resources for the next ten years.  They developed a simulation model 
namely the Education Policy and Strategy Simulation (EPSSim) that runs using 
Microsoft Excel. Using the simulation model, it can provide a number of indicators 
that are helpful in planning such as gross admission rate (GAR), gross enrollment 
ratio (GER), internal efficiency (promotion, repetition, and dropout rates), pupil-
teacher ratio (P:T), class size and many more.  
 
Hanna and Ruwanpura (2007) applied the Monte Carlo simulation for a 
petrochemical project to forecast the manpower needed based on the current work 
progress level. The purpose of their study was to monitor the work processes so that 
they can finish on time (within the time frame) and planners can analyse the 
availability of their resources.  Simulation can be used for large amount of data and 
repetitive process.  
 
2.2.6 Discussion on Methods Used in Enrolment Projection 
There are various forecasting models used in estimating future enrolments. Among 
the techniques specified before, the Markov chain method seems to be the best model 
to be applied in this study. This is because the speciality of the Markov chain method 





graduations and death rates in the matrix (Johnstone, 1974; Li, 1971). It can also 
measure detailed information on students’ progress such as the average time students 
spend in an education system in which the other techniques like regression and ratio 
are unable to measure (Adyda & Hashibah, 2006; Al-Awadhi & Konsowa, 2007; 
Borden & Dalphin, 1998; Hair, 2002; Nicholls, 2007; Shah & Burke, 1999). 
Moreover, the Markov chain model is effective in predicting enrolments for a long 
range planning horizon of over 5 years (Hair, 2002), where as the other methods such 
as the cohort survival method is only effective for short-term periods ranging from 1 
to 3 years (Grip, 2004). The capability of certain approaches to make long-range 
planning is important to any institutions to give them directions and establish control 
over their own future. 
 
The other techniques such as ratio, cohort survival and regression are not used in this 
study due to several reasons. The ratio method will give poor results when 
comparing with the cohort model and Markov chain model and it needs at least ten 
historical data points to perform accurately (Healey & Brown, 1978; Orwig, Jones & 
Lenning, 1972; Schmid & Shanley, 1952), while the cohort survival method requires 
detailed data such as birth rates, mortal trends, fertility trends, and migration trends 
which is inaccessible with the current data. Furthermore, the cohort survival method 
is only valid for small data which is less than 600 (Grip, 2004). The regression 
method is helpful in analyzing patterns of historical data and correlation analysis, but 
it performs poorly in forecasting competition (Makridakis, Wheelwright & 
Hyndman, 1998). When comparing the regression model with the cohort survival 





However, the independent variables must be known first before conducting this 
method. Thus, this method is not suitable to be applied in this study because the 
independent variables are unknown. The last method, which is the simulation model, 
is also useful in forecasting the system performance when there are any physical or 
policy changes. This method is effective when dealing with a complex situation 
where there are too many parameters to be used and the other optimization technique 
is difficult to solve (Razman, 2006). Since this study only aims at analysing the flow 
of students, we assume that this study does not involve complex situation where the 
other parameters such as lecturers, classrooms and other faculty resources are not the 
main objectives for this study.  
 
2.3 Related Works on Variables Used in Enrolment Projection 
In this section, a discussion is made for the variables used by past studies in applying 
the Markov chain model. In the Markov chain method, variables used are known as 
states. Hence, from this time onward, we will use this term instead of variables. 
There are two types of states in the Markov chain method; transient state and 
absorbing state. The term transient state is when entities move from state i  during 
one period to state j  in the next period, while the term absorbing state refers to 
entities when entering one state where it is impossible to leave (Sabri, 1985).  
 
The transition state and the absorbing state used in the student flow analysis vary 





student enrolments at school, age and grade are used as transition states while the 
absorbing states chosen are graduation, mortality and dropouts (Li, 1971).  
 
In the study of undergraduate student flow at a university, transition states that are 
mostly used are the semester of enrolment or year of program commencement 
(Adyda & Hashibah, 2006; Armacost & Wilson, 2004; Borden & Dalphin, 1998; 
Nicholls, 1983; Shah & Burke, 1999) and the age at program commencement (Adyda 
& Hashibah, 2006; Borden & Dalphin, 1998; Shah & Burke, 1999) whereas the 
absorbing states used are graduation and dropouts from studies (Adyda & Hashibah, 
2006; Borden & Dalphin, 1998; Nicholls, 1983; Shah & Burke, 1999). However, 
there are some previous works that used other transition states, for example course 
credit load, grade performance (Borden & Dalphin, 1998), gender and field of study 
(Adyda & Hashibah, 2006; Shah & Burke, 1999) when studying undergraduate flow.   
 
For the study of Master’s and doctoral students at their universities, researches by 
Bessent and Bessent (1980) and Al-Awadhi and Konsowa (2007) used the semester 
of enrolment, while Nicholls (2007) used the year of enrolment as their transition 
state. The graduation and dropouts are used as the absorbing states (Al-Awadhi & 
Konsowa, 2007; Bessent & Bessent, 1980; Nicholls, 2007). There are also other 
absorbing states used by past studies where Nicholls (1983) used the change of 
program and Al-Awadhi and Konsowa (2007) used students who have not registered 





In the application of the Markov chain model, the period of transition between the 
states need to be determined first. The determination of the period of transition 
depends on the decision made by the management of the school, college or 
university. Previous works utilized semester (falls, summer, winter, spring) as the 
period of transition (Al-Awadhi & Konsowa, 2007; Armacost & Wilson, 2004; 
Bessent & Bessent, 1980) while studies by Adyda and Hashibah (2006), Borden and 
Dalphin (1998), Hair (2002), Nicholls (2007) and Shah and Burke (1999), chose one 
year as the period of transition.  
 
2.3.1    Discussion on States Used in Enrolment Projection 
From the previous works mentioned in the previous section, the frequent transition 
states used for student flow analysis are age and semester or year of enrolment while 
the absorbing states used are graduation and dropouts from studies (Adyda & 
Hashibah, 2006; Borden & Dalphin, 1998; Li, 1971; Shah & Burke, 1999). 
 
Hence, this study incorporates the age and year of course enrolment as the transient 
states and uses dropouts and graduation as the absorbing states to study Master’s and 
doctoral students’ flow in the education system. The one year time span is used as a 
period of transition state (Adyda & Hashibah, 2006; Borden & Dalphin, 1998; Hair, 








This chapter provides the strengths and the weaknesses of each method that relates to 
student flow analysis which are the ratio, cohort-survival, regression, Markov and 
simulation models. The Markov chain model with the absorbing state has been 
proven in the literature (Al-Awadhi & Konsowa, 2007; Hair, 2002; Nicholls, 1983; 
2007) to be the best model to gain insight and understanding of the flow of students 
during their studies and hence, it is adopted to be used in this study. This chapter also 










This chapter discusses the data and methodology proposed in this research. 
 
3.1 Case Study 
A case study of the higher education system is chosen with the purpose to develop a 
student flow model. Universiti Utara Malaysia (UUM) is selected as the case study to 
develop this model. UUM offers undergraduate and postgraduate programmes and 
operates separately by colleges; College of Arts and Sciences (CAS), College of 
Business (COB) and College of Law, Government and International Studies 
(COLGIS). This study analyzes postgraduate student flow within these three colleges 
and includes Master’s and PhD students studying part-time and full-time either by 
full research, coursework or coursework and thesis/dissertation.  
 
Normally, students will finish their studies in an estimated period of time according 
to the university’s requirements. Master’s and PhD programmes have their own 
requirement duration of studies. It can be separated into students’ status, whether 
they are under the part-time or full-time mode. The requirements for completing a 





maximum of six semesters, while for part-time students, it is in a range of three 
semesters to ten semesters. For full-time PhD candidates, they must complete their 
degree between four semesters to ten semesters, while for part-time students, it is 
between six semesters to fourteen semesters of studies. The UUM official policy 
follows the traditional two semesters for each academic session (June and November 
Semesters) for the UUM Sintok Campus and three semesters (June, October and 
February Semesters) for off-campus study centres.  
 
3.2 Data Collection 
A secondary data of postgraduate students enrolled and graduated from postgraduate 
programmes were obtained from the UUM Computer Centre which covers three 
colleges; CAS, COB and COLGIS. The data set used is from the year 2005 until 
2009. The individual students’ records contain student information such as their age, 
field of study, and students’ status; whether they have graduated or dropped out from 
their programmes. This information was then used to process the student flow on a 
yearly basis. The total number of students for these three colleges is about 2564 
students and they are arranged into the college system. 





3.3 Solution Technique 
As mentioned in chapter two, the Markov chain method is employed in this study to 
model the flow of postgraduate programmes.  Using the Markov chain method, it is 
not only able to model student flow in terms of estimating the mean time they spend 
in a system as well as the probability of dropouts and graduations, but it also can 
extend to predict the number of students for the next intake.  
 
3.3.1 The Fundamental Concept of Markov Chain Model 
Formally, term Markov chain comes from a family of Markov processes. A Markov 
chain is a discrete time stochastic process (Winston, 2004). The Markov chain is 
discrete as there are a finite number of states ),...,3,2,1.,.( sge due to the fact that there 
are minimum and maximum allowable durations for candidature (full-time and part-
time Master and PhD). The meaning of stochastic process is the probability of 
occurring event that is not predetermined but depending on the previous history 
event (Sabri, 1985). In other words, the next event only depends on the current event, 
not on preceding events. In this study, the term event here is known as state.   Hence, 
the stochastic process with this property is called Markov chain. In this study, the 
following assumptions are needed for the application of Markov chain: 
i. The transition probabilities are constant over time (steady state). 







The behaviour of a Markov chain depends on the transition matrix, which contains 
transitional probabilities. The transition probability of the Markov chain is denoted 
by ( )kjiPij  ..., ,3 ,2 ,1, = which means the state in the system moves from state i  
during one period to state j  during the next period (Winston, 2004). In the Markov 
chain method, there is a transient state and an absorbing state. The transient state has 
a property that a state j  is accessible from i  ) ( jid asabbreviate → but i  is not 
accessible from j  which means there is no possible return (Shah & Burke, 1999). 
Once an entity enters the state and it is impossible to leave, this is called an 
absorbing state (Sabri, 1985). This study used the age at course commencement and 
the year of program as transient states, while the absorbing states used are dropouts 
and graduations from course. The period of transition between states used is one year 
(Adyda & Hashibah, 2006; Hair, 2002; Nicholls, 2007; Shah & Burke, 1999). 
Another important state is steady state which occurs when Markov chain reaches to 
an equilibrium state (Sabri, 1985). This is important to predict the enrolment number 
for a long term period.  
 
The Markov chain model with an absorbing state is known as the absorbing Markov 
chain model. Since P is the transition probability matrix, the canonical form of the 















where I  is the identity matrix, matrix O  consists of all zero values, matrix R gives 
the probabilities of transition from transient state to absorbing state, while matrix 
Q gives the transition probabilities from one transient state to another transient state. 
In this study, this canonical form is rearranged into chronological form of student 
flow and it has no effect on calculation of the mean time and probability of dropout 











In this study, I is 22 × identity matrix representing the absorbing state. For example, 
student in the graduation state at time t cannot be in the dropout state at time 1+t  
and vice versa. It remains there forever and gives the probability of 1.0.  
 
The zero matrix,O  is matrix 2 14×  and consists of all zero values which means 
students at the graduation or dropout state at time t  cannot be a student in semester 
one at the time 1+t  later. Hence it gives the probability of 0.0 in the matrix. 
 
The absorbing matrix, R is matrix14 2× . It gives the probability of transition from 
the transient state to the absorbing state. As an example, a student at the age range of 
21-25 years and was in semester two at time t finally moves to the graduation state at 
time 1+t .  
 
The transient matrix, Q  is 1414 × matrix which consists of the transition probability 
from a non-absorbing state to another, which will not lead to the absorbing state. The 





chain method to estimate the mean time students are in a system, the probability of 
graduation and dropout, and also forecast for the next intake. 
 
3.3.2 Mathematical Formulation 
The identical modeling approach has been used for both Master’s and PhD students. 
The fundamental matrix of an absorbing state is adopted from Shah and Burke 
(1999) and used in this study to obtain the two main findings; the mean time students 
spend in a system and the estimated probability students’ move into the absorbing 
state given any starting state. The fundamental matrix is given by Definition 3.1 
below, where the identity matrix, I  has the same size as the transient matrixQ . 
Definition 3.1: The fundamental matrix of absorbing Markov chain is given by: 
( )
1−
−= QIN  
where  
:N  the mean time (in years) a student commence in state i  remains in state j  
before departing the system. 
 
Using the fundamental matrix, N , thus the mean time in system can be calculated by 
totalling up the thi row of the fundamental matrix N as shown in Definition 3.2. 
Definition 3.2: The mean time in system is presented by:  
1NT =  
where 





The probability of students moving into the absorbing state (graduate or dropout) is 
obtained by Definition 3.3 below. 
Definition 3.3: The probability of absorption is illustrated by: 
NRB =  
where 
:B  the probability of a student moving into absorbing state j  with begin 
commencing in state i . 
 
Students’ admission into a university should include the number of new and 
continuing students into the system.   The enrolment of the continuing students for 
the next intake 1+t  can be predicted by using the transient matrix, Q  multiplying 
with the total number of students )(tn at each state at time t . The enrolment numbers 
of the new students is obtained from the actual data. The enrolment projection for the 
long term duration should use the constant probability of the matrix Q  (steady state 
probability) and multiply with the total number of students before the next intake. 
Definition 3.4 below shows the enrolment projection of the new students in a system. 
Definition 3.4: The enrolment projection is given by: 
)1()(')1( ++=+ tbtnQtn  
where 






To summarize, the Markov chain model can be used to examine the flow pattern of 
the entire student body including the mean time they spend in a system before 
graduating, to estimate the probability of students moving into the absorbing state, 
and can also estimate the number of students at each semester intake or yearly intake. 
The next section discusses on the designation of the student flow in answering the 
research question in chapter one.  
 
3.3.3 The Student Flow Model Research Design 
In this study, two distinct student flow models are developed for Master’s and PhD 
students whom are distinguished between full-time and part-time status. In this 
section, an explanation is made for the full-time Master’s program and the rest 
follow the same explanation. 
 
There are 16 states utilized to model the flow of students in the university. A 
1616 × matrix is developed for this study. They are categorized by the age range at 
the course commencement, and the year of program enrolment. The age range starts 
from age 21 since no one enrols for Master’s and PhD programs at a younger age, 
and this is based on the historical data.  The year of program enrolment has been 
classified into two classes, A and B. Class A refers to the first year of enrolment, 
while Class B refers to the second or higher year of enrolment. The 16 states are 

















13. Over 50:A 




In this study, students are coded according to the 16 states and they are modelled 
through the four years of postgraduate programs. The transition state is one year and 
starts from the first intake in year 2005 (A051) to the next year intake of 2006 
(A061).  Hence, this contributes to four transition matrices. Only students who were 
in the system for one transition cycle (1 year) will be used to tabulate to the transition 
matrices whereas students who deferred their programs are not considered in this 
study. States number 1 to 14 are known as the transient states, while states number 
15 and 16 are known as the absorbing states. The formation of the enrolment 
transition matrix is shown in Table 3.1. Table 3.1 provides the basic template of the 
transition matrix from the raw data.  The enrolment transition matrix for the next 
three years (A061, A071, and A081) follows this template. Lines are drawn here to 












Table 3.1  
Enrolment Transition Matrix by Age Classification from July 2005 (A051) to July 




































21-25:A  x x  x           x x xx 
21-25:B  0 x x  x          x x xx 
26-30:A 0 0 x x  x         x x xx 
26-30:B 0 0 0 x x  x        x x xx 
31-35:A 0 0 0 0 x x  x       x x xx 
31-35:B 0 0 0 0 0 x x  x      x x xx 
36-40:A 0 0 0 0 0 0 x x  x     x x xx 
36-40:B 0 0 0 0 0 0 0 x x  x    x x xx 
41-45:A 0 0 0 0 0 0 0 0 x x  x   x x xx 
41-45:B 0 0 0 0 0 0 0 0 0 x x  x  x x xx 
46-50:A 0 0 0 0 0 0 0 0 0 0 x x  x x x xx 
46-50:B 0 0 0 0 0 0 0 0 0 0 0 x x  x x xx 
Over 50:A 00 0 0 0 0 0 0 0 0 0 0 0 x x      x x xx 
Over 50:B  0 0 0 0 0 0 0 0 0 0 0 0 0 x      x x xx 
Dropout 0 0 0 0 0 0 0 0 0 0 0 0 0 0 x 0 xx 
Grad 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 x xx 
Total                 xx 
 
From Table 3.1, mark x represents some values. Entries in each cells of the lower 
left-hand corner of the matrix shows zero values because once a student are in a 
higher semester (or absorbing state), it is impossible to move back to the previous 
semester.  For instance, a student at the age range of 26-30 who is in the second year 
of enrolment (Class B) is not possible to revert back to become a first-year student 
(Class A) for the following year. Values in the entry at the right hand corner are very 
sparse because it is impossible to pass over intermediate states from one year to 
another.  For example, it is improbable for a student within the age range of 26-30 
who is in the first year of enrolment become a student at the age range of 41-45 who 








Transition Probability Matrix by Age Classification from July 2005 (A051) to July 





































21-25:A  0.xx 0.xx  0.xx           0.xx 0.xx 1.0 
21-25:B  0 0.xx  0.xx  0.xx          0.xx 0.xx 1.0 
26-30:A 0 0  0.xx 0.xx  0.xx         0.xx 0.xx 1.0 
26-30:B 0 0 0 0.xx 0.xx  0.xx        0.xx 0.xx 1.0 
31-35:A 0 0 0 0 0.xx 0.xx  0.xx       0.xx 0.xx 1.0 
31-35:B 0 0 0 0 0 0.xx 0.xx  0.xx      0.xx 0.xx 1.0 
36-40:A 0 0 0 0 0 0 0.xx 0.xx  0.xx     0.xx 0.xx 1.0 
36-40:B 0 0 0 0 0 0 0 0.xx 0.xx   0.xx    0.xx 0.xx 1.0 
41-45:A 0 0 0 0 0 0 0 0 0.xx 0.xx  0.xx   0.xx 0.xx 1.0 
41-45:B 0 0 0 0 0 0 0 0 0 0.xx  0.xx    0.xx  0.xx 0.xx 1.0 
46-50:A 0 0 0 0 0 0 0 0 0 0  0.xx 0.xx  0.xx 0.xx 0.xx 1.0 
46-50:B 0 0 0 0 0 0 0 0 0 0 0 0.xx   0.xx  0.xx 0.xx 1.0 
Over 50:A 00 0 0 0 0 0 0 0 0 0 0 0       0.xx 0.xx   0.xx   0.xx   1.0 
Over 50:B  0 0 0 0 0 0 0 0 0 0 0 0 0.xx   0.xx    0.xx 1.0 
Dropout 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1.0 
Grad 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1.0 
 
The transition probability matrix as shown above in Table 3.2 is obtained from Table 
3.1 by dividing each value in each row to the corresponding row total in Table 3.1. 
As an example, 10 students out of 20 move from state 21-25: A to state 26-30: B in 
the following year yield transition probability of 0.5. The term 0.xx reflects some 
transition probability value given in two decimal places. The transition probability 
for each row sums to 1 because it represents all possible transition outcomes. The 
transition probability matrix in Table 3.2 acts as a basic pattern for the other 
transition matrix that will be used through this study. When the transition probability 
achieves constant value (steady state), hence it can be used to predict the future 
enrolment by multiplying with the enrolment number of the current state. We can 
also use this transition probability matrix to calculate the average length students 
spend in a system, the estimate probability of graduations and dropouts from study 






3.4 Validation of the Model 
In order to validate the model developed, a comparison with the actual data is made 
by using the mean absolute percentage error (MAPE). The differences between the 
predicted values and the actual data are known as error term and it is always 
measured in percentage using an equation (Guo, 2002): 
( )MAPE /forecasted actual actual= −∑  
The model which has the errors that do not exceed 10% is considered as acceptable 
and valid (Najmuddin, Ibrahim & Ismail, 2010). 
 
In this study, the deviation of the predicted enrolment towards the actual enrolment is 
calculated using MAPE for the three years semester intake; July 2006 (A061), July 
2007 (A071) and July 2008 (A081). We should remember that the continuing 
students at semester July 2005 (A051) intake cannot be predicted since this figure is 




This chapter provides a detailed formulation of the Markov chain model in 
calculating the mean time students spend in a system by using the fundamental 
matrix of absorbing Markov chain, estimating the graduation and dropout probability 
and also making the enrolment projection for future intake. A validation method of 
the proposed model is shown in this chapter as well. The next chapter presents the 





ANALYSIS AND DISCUSSION 
 
This chapter presents and discusses the results of the study which focus on full-time 
Master’s programs at the College of Arts and Sciences (CAS). Results for part-time 
and full-time Master’s programs at CAS are attached at the appendices for further 
reference. The discussions of the results are divided into several sections and are 
expected to achieve the stated objectives in Chapter One. The first and second 
sections present the enrolment transition data and the transition probability calculated 
from the format explained in Chapter Three. The third section attempts to answer the 
first and second objectives, while the remaining objective is explained in the next 
sections; sections four and five. This chapter concludes with the development of the 
dynamic student flow into the enrolment projection model and includes scenarios 
based on UUM strategic planning for 2012. 
 
4.1 Enrolment Transition of CAS’ Full-time Master’s Students 
This section presents the transition process of full-time Master’s students at CAS 
from one state to another through one academic year (1 year) over the four-year 
duration of study, starting from semester A051 intake until A081 intake. The 
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transition process is shown in matrix form as in Table 4.1 through 4.4. The students’ 
transition within the four-year duration of study is calculated to check if the 
transition probabilities achieved a steady state or not which is shown later in Table 
4.5 to Table 4.8.  
 
In Table 4.1, the last column shows the total number of students in each state who 
began their studies in the July 2005 (A051) and November 2005 (A052) intakes and 
continued on (to the next year) or stop (dropped out or graduated) from their studies 
in the July 2006 intake (A061). For example, UUM CAS had a total of 116 students, 
of which 54 students were at the age range of 26-30. Each row in the matrix indicates 
where students started and ended in a particular state. For example in row three, it 
can be interpreted that, from the 54 students who commenced the course at the age 
range of 26-30 in A051, 35 students continued on to the next year (A061) in the same 
age range 26-30, while 13 students were in the age range 31-35.  Both groups of 
students were in the second year of enrolment. From the 54 students who 
commenced at the age range of 26-30, 5 students dropped out from their studies 










Full-time Master’s Students’ (CAS) Enrolment Transitions by Age Classification 



































21-25:A                  
21-25:B                  
26-30:A    35  13         5 1 54 
26-30:B                  
31-35:A      21  3       5 4 33 
31-35:B                  
36-40:A        8  2     3 1 14 
36-40:B                  
41-45:A          5  2   2 0 9 
41-45:B                  
46-50:A            3   0 0 3 
46-50:B                  
Over 50:A              3 0 0 3 
Over 50:B                  
Dropout               0 0 0 
Grad               0 0 0 
Total               0 0 116 
 
Table 4.2 
Full-time Master’s Students’ (CAS) Enrolment Transitions by Age Classification 



































21-25:A  1  1           0 0 2 
21-25:B                  
26-30:A    81  10         18 11 120 
26-30:B                  
31-35:A      26  2       7 10 45 
31-35:B                  
36-40:A        7  1     3 4 15 
36-40:B                  
41-45:A          3     0 2 5 
41-45:B                  
46-50:A            4  1 2 0 7 
46-50:B                  
Over 50:A              1 1 0 2 
Over 50:B                  
Dropout               0 0 0 
Grad               0 0 0 








Full-time Master’s Students’ (CAS) Enrolment Transitions by Age Classification 



































21-25:A  2  7           3 4 16 
21-25:B                  
26-30:A    80  5         24 21 130 
26-30:B                  
31-35:A      30  5       4 7 46 
31-35:B                  
36-40:A        12  3     3 1 19 
36-40:B                  
41-45:A          11     3 1 15 
41-45:B                  
46-50:A            1  1 1 0 3 
46-50:B                  
Over 50:A              1 0 0 1 
Over 50:B                  
Dropout               0 0 0 
Grad               0 0 0 
Total               0 0 230 
Table 4.4 
Full-time Master’s Students’ (CAS) Enrolment Transitions by Age Classification 



































21-25:A  7  17           10 3 37 
21-25:B                  
26-30:A    58  5         22 5 90 
26-30:B                  
31-35:A      14  4       6 4 28 
31-35:B                  
36-40:A        8       0 0 8 
36-40:B                  
41-45:A          1     1 2 4 
41-45:B                  
46-50:A            1   0 0 1 
46-50:B                  
Over 50:A              1 0 0 1 
Over 50:B                  
Dropout               0 0 0 
Grad               0 0 0 





4.2 Transition Probabilities of CAS’ Full-time Master’s Students 
The transition probabilities through the four years of studies are calculated to 
examine whether the transition probabilities achieve constant probability or not. This 
is important to make the enrolment projection model for long range period. Table 4.5 
to Table 4.8 present the transition probabilities in matrix form which were obtained 
from Table 4.1 to Table 4.4 respectively. The result in each entry in Table 4.5 was 
obtained by dividing each value in each row to the corresponding row total in Table 
4.1. For example, value 0.65 in the third row and fourth column in Table 4.5 was 
obtained by dividing 35 with the total value of 54 from Table 4.1. Other values in the 
table below follow the same definition.  Lines are drawn here to differentiate the sub-
matrices IORQ  and ,, within the overall matrix.  
Table 4.5 
Transition Matrix for Full-time Master’s Students (CAS) by Age Classification from 




































21-25:A                  
21-25:B                  
26-30:A    0.65  0.24         0.09 0.02 1.00 
26-30:B                  
31-35:A      0.64  0.09       0.15 0.12 1.00 
31-35:B                  
36-40:A        0.57  0.14     0.21 0.07 1.00 
36-40:B                  
41-45:A          0.56  0.22   0.22 0 1.00 
41-45:B                  
46-50:A            1.00   0 0 1.00 
46-50:B                  
Over 50:A              1.00 0 0 1.00 
Over 50:B                  
Dropout 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 0 1.00 






Transition Matrix for Full-time Master’s Students (CAS) by Age Classification from 




































21-25:A  0.50  0.50           0 0 1.00 
21-25:B                  
26-30:A    0.68  0.08         0.15 0.09 1.00 
26-30:B                  
31-35:A      0.58  0.04       0.16 0.22 1.00 
31-35:B                  
36-40:A        0.47  0.07     0.20 0.27 1.00 
36-40:B                  
41-45:A          0.60     0 0.4 1.00 
41-45:B                  
46-50:A            0.57  0.14 0.29 0 1.00 
46-50:B                  
Over 50:A              0.50 0 0 1.00 
Over 50:B                  
Dropout 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 0 1.00 
Grad 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 1.00 
 
Table 4.7 
Transition Matrix for Full-time Master’s Students (CAS) by Age Classification from 




































21-25:A  0.13  0.44           0.19 0.25 1.00 
21-25:B                  
26-30:A    0.62  0.04         0.18 0.16 1.00 
26-30:B                  
31-35:A      0.65  0.11       0.09 0.15 1.00 
31-35:B                  
36-40:A        0.63  0.16     0.16 0.05 1.00 
36-40:B                  
41-45:A          0.73     0.20 0.07 1.00 
41-45:B                  
46-50:A            0.33  0.33 0.33 0 1.00 
46-50:B                  
Over 50:A              1.00 0 0 1.00 
Over 50:B                  
Dropout 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 0 1.00 









Transition Matrix for Full-time Master’s Students (CAS) by Age Classification from 




































21-25:A  0.19  0.46           0.30 0.08 1.00 
21-25:B                  
26-30:A    0.64  0.06         0.20 0.06 1.00 
26-30:B                  
31-35:A      0.50  0.14       0.20 0.14 1.00 
31-35:B                  
36-40:A        1.00       0 0 1.00 
36-40:B                  
41-45:A          0.25     0.30 0.50 1.00 
41-45:B                  
46-50:A            1.00   0 0 1.00 
46-50:B                  
Over 50:A              1.00 0 0 1.00 
Over 50:B                  
Dropout 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 0 1.00 
Grad 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 1.00 
 
4.2.1 Analysis of the Transition Probabilities of CAS’ Full-time Master’s 
Students 
From the matrix of transition probabilities constructed in Table 4.5 to Table 4.8, the 
transition probabilities are assumed to be constant over time since it gives a close 
result within the four-year duration of study. The steady state probability (MatrixQ ) 
in Table 4.5 is the heart of this study since it will be used to predict the future 






4.3 Probability of CAS’ Full-time Master’s Students Moving into the 
Absorbing State   
The first and second research objectives, which are to estimate the probability of 
postgraduate students graduating and dropping out from their studies are shown in 
this section. The probability of students moving into the absorbing state either by 
dropping out or graduating from any non-absorbing state is shown in Table 4.9 
below. The four-year duration of students moving into the absorbing state is studied 
in order to see the trend toward graduation and dropouts each year. They are 
calculated using Definition 3.3 as mentioned in Chapter Three. 
Table 4.9 
Probability of Full-time Master’s Students (CAS) Ending into Dropout and 
Graduation by Academic Year from July 2005 (A051) until July 2009 (A091) Intake 
by Age Classification  
 A051 - A061 A061 - A071 A071 - A081 A081 - A091 
 Dropout Graduation Dropout Graduation Dropout Graduation Dropout Graduation 
21-25:A 0 0 0 0 0.19 0.25 0.30 0.08 
21-25:B         
26-30:A 0.09 0.02 0.15 0.09 0.18 0.16 0.20 0.06 
26-30:B         
31-35:A 0.15 0.12 0.16 0.22 0.09 0.15 0.20 0.14 
31-35:B         
36-40:A 0.21 0.07 0.20 0.27 0.16 0.05 0 0 
36-40:B         
41-45:A 0.22 0 0 0.4 0.20 0.07 0.30 0.50 
41-45:B         
46-50:A 0 0 0.29 0 0.33 0 0 0 
46-50:B         
Over 50:A 0 0 0 0 0 0 0 0 







4.3.1 Analysis of the Absorbing Probabilities 
In Table 4.9, it shows that the estimated probability of students absorbing into 
graduation had increased throughout the four years of studies. As shown in the 
academic year of A051-A061, the graduation rate is low, which is from 0.02 until 
0.12 whereas for the academic year of A081-A091, the graduation rate increased up 
to 0.50. This is because many students who began their studies in 2005 finished in 
2008. This result is based on the data and does serve to validate the flow of students 
in the system.  
 
The probability of students moving into the dropout state are assumed to be constant 
for every intake and varies in age from this four-year period of study, as they have a 
dropout rate between 0.20 to 0.30 in the academic years of A061-A071, A071-A081, 
and A081-A091. 
 
4.4 Average Time of CAS’ Full-time Master’s Students in a System 
The third research objective which is to estimate the mean time students spend in a 
system is calculated using Definition 3.2 as mentioned in Chapter Three. The value 
of 1 in the matrix in Table 4.10 to Table 4.13 appears as a result of matrix 
multiplication with identity matrix. Obviously, there are no students at this state, for 
example in state 21-25: A and 21-25: B in Table 4.10. Therefore, the interpretation of 




Table 4.10 to Table 4.13 display the amount of time in years students spend in each 
non-absorbing state before they continue to the next year of enrolment, drop out or 
graduate from their studies. For example, in Table 4.10, students at the age range of 
26-30 years and in the first year of enrolment (26-30:A) will spend an average of one 
year in Class A as 26-30 years old, 0.65 years in Class B as  26-30 years old, while 
0.24 years in Class B as 31-35 years old. The total time they spend in a system is 
1.89 years which is obtained by totalling up all entries in a particular row. For the 
rest of the values in the table, follow the same definition. 
Table 4.10 






























21-25:A 1              1 
21-25:B  1             1 
26-30:A   1
 
0.65  0.24         1.89 
26-30:B    1           1 
31-35:A     1 0.64  0.09       1.73 
31-35:B      1         1 
36-40:A       1 0.57  0.14     1.71  
36-40:B        1       1 
41-45:A         1 0.56  0.22   1.78 
41-45:B          1     1 
46-50:A           1 1   2 
46-50:B            1   1 
Over 50:A             1 1 2 












































21-25:A 1 0.5  0.5           2 
21-25:B  1             1 
26-30:A   1 0.68  0.08         1.76 
26-30:B    1           1 
31-35:A     1 0.58  0.04       1.62 
31-35:B      1         1 
36-40:A       1 0.47  0.07     1.53 
36-40:B        1       1 
41-45:A         1 0.60     1.6 
41-45:B          1     1 
46-50:A           1 0.57  0.14 1.71 
46-50:B            1   1 
Over 50:A             1 0.5 1.5 
Over 50:B              1 1 
 
Table 4.12 































21-25:A 1 0.13  0.44           1.57 
21-25:B  1             1 
26-30:A   1 0.62  0.04         1.66 
26-30:B    1           1 
31-35:A     1 0.65  0.11       1.76 
31-35:B      1         1 
36-40:A       1 0.63  0.16     1.79 
36-40:B        1       1 
41-45:A         1 0.73     1.73 
41-45:B          1     1 
46-50:A           1 0.33  0.33 1.66 
46-50:B            1   1 
Over 50:A             1 1 2 









































21-25:A 1 0.19  0.50           1.65 
21-25:B  1             1 
26-30:A   1 0.64  0.06         1.7 
26-30:B    1           1 
31-35:A     1 0.50  0.14       1.64 
31-35:B      1         1 
36-40:A       1 1       2 
36-40:B        1       1 
41-45:A         1 0.25     1.25 
41-45:B          1     1 
46-50:A           1 1   2 
46-50:B            1   1 
Over 50:A             1 1 2 
Over 50:B              1 1 
 
4.4.1 Analysis of the Average Time in a System 
Table 4.14 below summarizes the mean time students stay in a system from Table 
4.10 until Table 4.13.  The value of 1 in this table should be ignored since it is 
meaningless to refer to because there are no students who enrolled at that particular 
age. The mean time students spend in a system over the four years of study indicates 
that they take an average of one and a half to two years. These values vary over time 
since the students’ mode of study; whether by research, coursework or by research 
and coursework are mixed together. Hence, this will affect the mean time they spend 














Summary of the Average Time of CAS’ Full-time Master’s Students in a System by 
Academic Year A051-A081 
 A051-A061 A061-A071 A071-A081 A081-A091 
21-25:A 1 2 1.57 1.65 
21-25:B 1 1 1 1 
26-30:A 1.89 1.76 1.66 1.7 
26-30:B 1 1 1 1 
31-35:A 1.73 1.62 1.76 1.64 
31-35:B 1 1 1 1 
36-40:A 1.71 1.53 1.79 2 
36-40:B 1 1 1 1 
41-45:A 1.78 1.6 1.73 1.25 
41-45:B 1 1 1 1 
46-50:A 2 1.71 1.66 2 
46-50:B 1 1 1 1 
Over 50:A 2 1.5 2 2 
Over 50:B 1 1 1 1 
 
4.5 Enrolment Projection Model 
The development of the enrolment projection model should include new students (A) 
who started their studies in the first semester of enrolment and those who continued 
(B) their studies to the next semester of enrolment as mentioned in Definition 3.4 in 
Chapter Three.  
 
This study projected a number of continuing students (B) for the year 2006 until 
2008 intake. The number of new students (A) for every intake depends on the 
historical data. These two groups of students (new and continuing students) should 






4.6 Enrolment Projection of Continuing Students Using Steady State 
Transition Probabilities 
This section discusses on the usage of the steady state probabilities in estimating 
future enrolment intakes. Table 4.15 to Table 4.17 present the enrolment projection 
of continuing students to the next year of commencement who started their studies in 
July 2005. Using the steady state probability which was obtained from Table 4.5, it is 
used to make the enrolment projection of the continuing students for the coming 
intakes (A061 until A081). 
 
To project the enrolment of continuing students at the A061 intake (Table 4.15), the 
transition probabilities in Table 4.5 (steady state) should multiply with the individual 
state totals from the A051 intake (Table 4.1). For example, a probability of 0.65 that 
students in the range age of 26-30 years will progress to the next year of 
commencement, the equation is simply 0.65 54 35× = . The projection for the next 
intake, A071, will use data forecasts of A061 as input, and the projection for the 
subsequent year, A081, follows the same manner. 
 








Projected Enrolment of Continuing CAS’ Full-time Master’s Students for July 2006 


































21-25:A                
21-25:B                
26-30:A    35  13         48 
26-30:B                
31-35:A      21  3       24 
31-35:B                
36-40:A        8  2     10 
36-40:B                
41-45:A          5  2   7 
41-45:B                
46-50:A            3   3 
46-50:B                
Over 50:A              3 3 
Over 50:B                





Projected Enrolment of Continuing CAS’ Full-time Master’s Students for July 2007 


































21-25:A                
21-25:B                
26-30:A    31.1  11.6         42.7 
26-30:B                
31-35:A      15.3  2.2       17.5 
31-35:B                
36-40:A        5.7  1.4     7.1 
36-40:B                
41-45:A          3.9  1.6   5.4 
41-45:B                
46-50:A            3   3 
46-50:B                
Over 50:A              3 3 
Over 50:B                






Projected Enrolment of Continuing CAS’ Full-time Master’s Students for July 2008 


































21-25:A                
21-25:B                
26-30:A    27.6  10.3         37.9 
26-30:B                
31-35:A      11.1  1.6       12.7 
31-35:B                
36-40:A        4.1  1.0     5.1 
36-40:B                
41-45:A          3.0  1.2   4.2 
41-45:B                
46-50:A            3   3 
46-50:B                
Over 50:A              3 3 
Over 50:B                
 Total 65.9 
 
From Table 4.15 until Table 4.17, the predicted number of continuing students at the 
A061, A071 and A081 intakes should total up with the number of new students (A) 
from the historical data at A061, A071 and A081 respectively to obtain the total 
number of students enrolled at the university. The predicted enrolment figure is then 
validated with the actual data using MAPE. The result is presented in Table 4.18. 
 
In Table 4.18, it shows that the percentage errors are small (lower than 10%) at the 
A061 and A071 intakes, but exceeds 10% at the A081 intake. The predicted value is 
far from the actual enrolment of about 39 students. This may be due to the fact that 
many students have graduated at this time. Therefore, an in depth analysis should be 







Enrolment Projection Model Using Markov Chain  
Semester 
Intake 





      New (A) 
      Continuing (B) 

















      New (A) 
      Continuing (B) 

















      New (A) 
      Continuing (B) 

















4.7 Enrolment Projection of Continuing Students Using Smoothed 
Transition Probabilities 
In this section, an analysis is done at the transition probabilities since the MAPE 
value gives an error that exceeds 10% at the semester A081 intake. A preliminary 
study of the data shows that there are instability trends towards graduation which 
increased in the third year (2008) after the commencement of the study in 2005. This 
is supported by the result in Table 4.9. The rate of students moving into the 
graduation state will remain constant for the next three years. 
 
According to Armstrong (2001) in the book ‘Principles of Forecasting’, he 
mentioned the use of a moving average to smooth out any instability. Hence, this 
study is trying to adopt this principle in improving the result by the Markov chain. 
This principle is also supported by Hair (2002), where he used the smoothing 
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average to calculate the transition probabilities over the four-year time period for the 
dynamic environment.  
 
The average of the transition probabilities for the three years of intake which is from 
July 2006 (A061) until July 2008 (A081) is calculated to smooth out any instability, 
especially on the trend toward graduation. Based on the transition probabilities in 
Tables 4.6, 4.7, and 4.8, the average of the transition probabilities is shown in Table 
4.19 and provides smoothed transition probabilities over 3-years versus 1-year 
transition time. The smoothed transition probability is then used to project the 
continuing students (B) for the A061, A071 and A081 intake. The enrolment for the 
A061 intake is obtained by multiplying the smoothed transition probabilities (Table 
4.19) with the individual state totals from the A051 intake (Table 4.1). The 
projection for the A071 intake will use data forecasts of A061 as input, and the 
projection for the subsequent year, A081, follows the same manner. The new 



















































21-25:A  0.27  0.47           0.06 0.08 1.00 
21-25:B                  
26-30:A    0.65  0.06         0.19 0.10 1.00 
26-30:B                  
31-35:A      0.58  0.10       0.15 0.17 1.00 
31-35:B                  
36-40:A        0.70  0.07     0.12 0.11 1.00 
36-40:B                  
41-45:A          0.53     0.15 0.32 1.00 
41-45:B                  
46-50:A            0.63  0.16 0.21 0 1.00 
46-50:B                  
Over 50:A              0.83 0 0 1.00 
Over 50:B                  
Dropout 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 0 1.00 




Projected Enrolment of Continuing CAS’ Full-time Master’s Students for July 2006 


































21-25:A                
21-25:B                
26-30:A    34.8  3.2         38 
26-30:B                
31-35:A      19  3.3       22.3 
31-35:B                
36-40:A        9.8  1.1     10.9 
36-40:B                
41-45:A          4.8     4.8 
41-45:B                
46-50:A            1.9  0.5 2.4 
46-50:B                
Over 50:A              2.5 2.5 
Over 50:B                







Projected Enrolment of Continuing CAS’ Full-time Master’s Students for July 2007 


































21-25:A                
21-25:B                
26-30:A    24.5  2.3         26.8 
26-30:B                
31-35:A      12.9  2.2       15.1 
31-35:B                
36-40:A        7.6  0.8     8.4 
36-40:B                
41-45:A          2.5     2.5 
41-45:B                
46-50:A            1.5  0.4 1.9 
46-50:B                
Over 50:A              2.1 2.1 
Over 50:B                
 Total 56.8 
 
Table 4.22 
Projected Enrolment of Continuing CAS’ Full-time Master’s Students for July 2008 


































21-25:A                
21-25:B                
26-30:A    17.3  1.6         18.9 
26-30:B                
31-35:A      8.7  1.5       10.2 
31-35:B                
36-40:A        5.9  0.6     6.5 
36-40:B                
41-45:A          1.3     1.3 
41-45:B                
46-50:A            1.2  0.3 1.5 
46-50:B                
Over 50:A              1.7 1.7 
Over 50:B                






4.8 Model Comparison  
This study investigates the usage of Markov chain in projecting students’ enrolment 
and considers the average transition probabilities before predicting future enrolment 
numbers. Hence, a comparison is made between the Markov chain model with and 
without the smoothed transition probabilities and the actual data. They are shown in 
Table 4.23 and Figure 4.1. Figure 4.1visually depicts the comparison trend for both 
models and the actual data. 
 
The results in Table 4.23 show that the percentage error when applying smoothed 
transition probabilities gives errors less than 10% for the next three years of intake 
(A061, A071 and A081), while using the Markov chain model without smoothed 
transition probabilities only gives error less than 10% at two points, which are at the 
A061 and A071 intakes with error 2.02 % and 5.46 % respectively. 
Table 4.23 
Comparison of Result between the Actual Data and Markov Chain Model of CAS’ 
Full-time Master’s Students 
Semester 
Intake 




      New (A) 
      Continuing (B) 
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      Continuing (B) 




















      New (A) 
      Continuing (B) 






















Figure 4.1. A Comparative Model of CAS’ Full-time Master’s Students 
 
4.9 Analysis of the Enrolment Projection 
The results in Table 4.23 and Figure 4.1 show that the Markov chain model by 
utilizing smoothed transition matrix is suitable to predict the enrolment projection 
when there is a dynamic flow of the student progress. For example, in this study, 
there is a change in trends towards graduation after three years of study. Hence, by 
considering the average transition probabilities towards graduation, the enrolment 
projection for future intake can be improved.  
 
Therefore, the enrolment projection of full-time Master’s students for the upcoming 
years can employ the Markov chain model with smoothed transition matrix because 
after three years, the number of full-time Master’s students graduating will increase.  
 
A scenario based on the increasing number in student population by 2012 is 
experimented to see the applicability of the smoothed transition probabilities in the 
Markov chain model and shown in the next section. 
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4.10 A Scenario of the Enrolment Projection 
A scenario based on UUM strategic planning for 2012 is adopted in developing the 
future enrolment projection model. UUM aims to achieve 40% of students 
registering at UUM, who will commence their postgraduate programs by 2012. 
Hence, the number of postgraduate students at UUM will increase at about 10% 
gradually each year until 2012. The determination of new students for the A091 until 
A121 intakes are assumed to follow this strategic planning, while the enrolment for 
the continuing students will follow the same trend as before. Table 4.24 exhibits the 
enrolment projection of CAS’ full-time Master’s students from 2009 until 2012. It 
also displays the student flows such as the number of students dropping out or 
graduating from postgraduate programs.  
Table 4.24 
Enrolment Projection of CAS’ full-time Master’s based on UUM Strategic Planning 
 
The results from Table 4.24 can be used by the administration as guidance to 
determine suitable plans and actions that need to be taken to smooth the study 
process, for example in determining the number of lecturers needed to supervise 
students. The number of students dropping out from their studies can also be used by 
the management of the college to track problems which may arise during the study 













New 169 186 204 224 246 
Continuing 27 83 59 42 30 
Total Enrolled 196 269 263 266 276 
Dropout 9 19 14 9 7 




The flow of postgraduate students through the educational process was analysed over 
the four-year period, starting from the July 2005 until July 2008 intake. The 
transition probability, the mean time and the absorbing probability were calculated to 
model the student flow.  This chapter presents the mean time, the estimated 
graduation probability, the enrolment projection model as well as the scenario based 
on college requirements. The conclusion of the findings and the significance of this 





ANALYSIS AND DISCUSSION 
 
This chapter presents and discusses the results of the study which focus on full-time 
Master’s programs at the College of Arts and Sciences (CAS). Results for part-time 
and full-time Master’s programs at CAS are attached at the appendices for further 
reference. The discussions of the results are divided into several sections and are 
expected to achieve the stated objectives in Chapter One. The first and second 
sections present the enrolment transition data and the transition probability calculated 
from the format explained in Chapter Three. The third section attempts to answer the 
first and second objectives, while the remaining objective is explained in the next 
sections; sections four and five. This chapter concludes with the development of the 
dynamic student flow into the enrolment projection model and includes scenarios 
based on UUM strategic planning for 2012. 
 
4.1 Enrolment Transition of CAS’ Full-time Master’s Students 
This section presents the transition process of full-time Master’s students at CAS 
from one state to another through one academic year (1 year) over the four-year 
duration of study, starting from semester A051 intake until A081 intake. The 
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transition process is shown in matrix form as in Table 4.1 through 4.4. The students’ 
transition within the four-year duration of study is calculated to check if the 
transition probabilities achieved a steady state or not which is shown later in Table 
4.5 to Table 4.8.  
 
In Table 4.1, the last column shows the total number of students in each state who 
began their studies in the July 2005 (A051) and November 2005 (A052) intakes and 
continued on (to the next year) or stop (dropped out or graduated) from their studies 
in the July 2006 intake (A061). For example, UUM CAS had a total of 116 students, 
of which 54 students were at the age range of 26-30. Each row in the matrix indicates 
where students started and ended in a particular state. For example in row three, it 
can be interpreted that, from the 54 students who commenced the course at the age 
range of 26-30 in A051, 35 students continued on to the next year (A061) in the same 
age range 26-30, while 13 students were in the age range 31-35.  Both groups of 
students were in the second year of enrolment. From the 54 students who 
commenced at the age range of 26-30, 5 students dropped out from their studies 










Full-time Master’s Students’ (CAS) Enrolment Transitions by Age Classification 



































21-25:A                  
21-25:B                  
26-30:A    35  13         5 1 54 
26-30:B                  
31-35:A      21  3       5 4 33 
31-35:B                  
36-40:A        8  2     3 1 14 
36-40:B                  
41-45:A          5  2   2 0 9 
41-45:B                  
46-50:A            3   0 0 3 
46-50:B                  
Over 50:A              3 0 0 3 
Over 50:B                  
Dropout               0 0 0 
Grad               0 0 0 
Total               0 0 116 
 
Table 4.2 
Full-time Master’s Students’ (CAS) Enrolment Transitions by Age Classification 



































21-25:A  1  1           0 0 2 
21-25:B                  
26-30:A    81  10         18 11 120 
26-30:B                  
31-35:A      26  2       7 10 45 
31-35:B                  
36-40:A        7  1     3 4 15 
36-40:B                  
41-45:A          3     0 2 5 
41-45:B                  
46-50:A            4  1 2 0 7 
46-50:B                  
Over 50:A              1 1 0 2 
Over 50:B                  
Dropout               0 0 0 
Grad               0 0 0 








Full-time Master’s Students’ (CAS) Enrolment Transitions by Age Classification 



































21-25:A  2  7           3 4 16 
21-25:B                  
26-30:A    80  5         24 21 130 
26-30:B                  
31-35:A      30  5       4 7 46 
31-35:B                  
36-40:A        12  3     3 1 19 
36-40:B                  
41-45:A          11     3 1 15 
41-45:B                  
46-50:A            1  1 1 0 3 
46-50:B                  
Over 50:A              1 0 0 1 
Over 50:B                  
Dropout               0 0 0 
Grad               0 0 0 
Total               0 0 230 
Table 4.4 
Full-time Master’s Students’ (CAS) Enrolment Transitions by Age Classification 



































21-25:A  7  17           10 3 37 
21-25:B                  
26-30:A    58  5         22 5 90 
26-30:B                  
31-35:A      14  4       6 4 28 
31-35:B                  
36-40:A        8       0 0 8 
36-40:B                  
41-45:A          1     1 2 4 
41-45:B                  
46-50:A            1   0 0 1 
46-50:B                  
Over 50:A              1 0 0 1 
Over 50:B                  
Dropout               0 0 0 
Grad               0 0 0 





4.2 Transition Probabilities of CAS’ Full-time Master’s Students 
The transition probabilities through the four years of studies are calculated to 
examine whether the transition probabilities achieve constant probability or not. This 
is important to make the enrolment projection model for long range period. Table 4.5 
to Table 4.8 present the transition probabilities in matrix form which were obtained 
from Table 4.1 to Table 4.4 respectively. The result in each entry in Table 4.5 was 
obtained by dividing each value in each row to the corresponding row total in Table 
4.1. For example, value 0.65 in the third row and fourth column in Table 4.5 was 
obtained by dividing 35 with the total value of 54 from Table 4.1. Other values in the 
table below follow the same definition.  Lines are drawn here to differentiate the sub-
matrices IORQ  and ,, within the overall matrix.  
Table 4.5 
Transition Matrix for Full-time Master’s Students (CAS) by Age Classification from 




































21-25:A                  
21-25:B                  
26-30:A    0.65  0.24         0.09 0.02 1.00 
26-30:B                  
31-35:A      0.64  0.09       0.15 0.12 1.00 
31-35:B                  
36-40:A        0.57  0.14     0.21 0.07 1.00 
36-40:B                  
41-45:A          0.56  0.22   0.22 0 1.00 
41-45:B                  
46-50:A            1.00   0 0 1.00 
46-50:B                  
Over 50:A              1.00 0 0 1.00 
Over 50:B                  
Dropout 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 0 1.00 






Transition Matrix for Full-time Master’s Students (CAS) by Age Classification from 




































21-25:A  0.50  0.50           0 0 1.00 
21-25:B                  
26-30:A    0.68  0.08         0.15 0.09 1.00 
26-30:B                  
31-35:A      0.58  0.04       0.16 0.22 1.00 
31-35:B                  
36-40:A        0.47  0.07     0.20 0.27 1.00 
36-40:B                  
41-45:A          0.60     0 0.4 1.00 
41-45:B                  
46-50:A            0.57  0.14 0.29 0 1.00 
46-50:B                  
Over 50:A              0.50 0 0 1.00 
Over 50:B                  
Dropout 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 0 1.00 
Grad 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 1.00 
 
Table 4.7 
Transition Matrix for Full-time Master’s Students (CAS) by Age Classification from 




































21-25:A  0.13  0.44           0.19 0.25 1.00 
21-25:B                  
26-30:A    0.62  0.04         0.18 0.16 1.00 
26-30:B                  
31-35:A      0.65  0.11       0.09 0.15 1.00 
31-35:B                  
36-40:A        0.63  0.16     0.16 0.05 1.00 
36-40:B                  
41-45:A          0.73     0.20 0.07 1.00 
41-45:B                  
46-50:A            0.33  0.33 0.33 0 1.00 
46-50:B                  
Over 50:A              1.00 0 0 1.00 
Over 50:B                  
Dropout 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 0 1.00 









Transition Matrix for Full-time Master’s Students (CAS) by Age Classification from 




































21-25:A  0.19  0.46           0.30 0.08 1.00 
21-25:B                  
26-30:A    0.64  0.06         0.20 0.06 1.00 
26-30:B                  
31-35:A      0.50  0.14       0.20 0.14 1.00 
31-35:B                  
36-40:A        1.00       0 0 1.00 
36-40:B                  
41-45:A          0.25     0.30 0.50 1.00 
41-45:B                  
46-50:A            1.00   0 0 1.00 
46-50:B                  
Over 50:A              1.00 0 0 1.00 
Over 50:B                  
Dropout 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 0 1.00 
Grad 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 1.00 
 
4.2.1 Analysis of the Transition Probabilities of CAS’ Full-time Master’s 
Students 
From the matrix of transition probabilities constructed in Table 4.5 to Table 4.8, the 
transition probabilities are assumed to be constant over time since it gives a close 
result within the four-year duration of study. The steady state probability (MatrixQ ) 
in Table 4.5 is the heart of this study since it will be used to predict the future 






4.3 Probability of CAS’ Full-time Master’s Students Moving into the 
Absorbing State   
The first and second research objectives, which are to estimate the probability of 
postgraduate students graduating and dropping out from their studies are shown in 
this section. The probability of students moving into the absorbing state either by 
dropping out or graduating from any non-absorbing state is shown in Table 4.9 
below. The four-year duration of students moving into the absorbing state is studied 
in order to see the trend toward graduation and dropouts each year. They are 
calculated using Definition 3.3 as mentioned in Chapter Three. 
Table 4.9 
Probability of Full-time Master’s Students (CAS) Ending into Dropout and 
Graduation by Academic Year from July 2005 (A051) until July 2009 (A091) Intake 
by Age Classification  
 A051 - A061 A061 - A071 A071 - A081 A081 - A091 
 Dropout Graduation Dropout Graduation Dropout Graduation Dropout Graduation 
21-25:A 0 0 0 0 0.19 0.25 0.30 0.08 
21-25:B         
26-30:A 0.09 0.02 0.15 0.09 0.18 0.16 0.20 0.06 
26-30:B         
31-35:A 0.15 0.12 0.16 0.22 0.09 0.15 0.20 0.14 
31-35:B         
36-40:A 0.21 0.07 0.20 0.27 0.16 0.05 0 0 
36-40:B         
41-45:A 0.22 0 0 0.4 0.20 0.07 0.30 0.50 
41-45:B         
46-50:A 0 0 0.29 0 0.33 0 0 0 
46-50:B         
Over 50:A 0 0 0 0 0 0 0 0 







4.3.1 Analysis of the Absorbing Probabilities 
In Table 4.9, it shows that the estimated probability of students absorbing into 
graduation had increased throughout the four years of studies. As shown in the 
academic year of A051-A061, the graduation rate is low, which is from 0.02 until 
0.12 whereas for the academic year of A081-A091, the graduation rate increased up 
to 0.50. This is because many students who began their studies in 2005 finished in 
2008. This result is based on the data and does serve to validate the flow of students 
in the system.  
 
The probability of students moving into the dropout state are assumed to be constant 
for every intake and varies in age from this four-year period of study, as they have a 
dropout rate between 0.20 to 0.30 in the academic years of A061-A071, A071-A081, 
and A081-A091. 
 
4.4 Average Time of CAS’ Full-time Master’s Students in a System 
The third research objective which is to estimate the mean time students spend in a 
system is calculated using Definition 3.2 as mentioned in Chapter Three. The value 
of 1 in the matrix in Table 4.10 to Table 4.13 appears as a result of matrix 
multiplication with identity matrix. Obviously, there are no students at this state, for 
example in state 21-25: A and 21-25: B in Table 4.10. Therefore, the interpretation of 




Table 4.10 to Table 4.13 display the amount of time in years students spend in each 
non-absorbing state before they continue to the next year of enrolment, drop out or 
graduate from their studies. For example, in Table 4.10, students at the age range of 
26-30 years and in the first year of enrolment (26-30:A) will spend an average of one 
year in Class A as 26-30 years old, 0.65 years in Class B as  26-30 years old, while 
0.24 years in Class B as 31-35 years old. The total time they spend in a system is 
1.89 years which is obtained by totalling up all entries in a particular row. For the 
rest of the values in the table, follow the same definition. 
Table 4.10 






























21-25:A 1              1 
21-25:B  1             1 
26-30:A   1
 
0.65  0.24         1.89 
26-30:B    1           1 
31-35:A     1 0.64  0.09       1.73 
31-35:B      1         1 
36-40:A       1 0.57  0.14     1.71  
36-40:B        1       1 
41-45:A         1 0.56  0.22   1.78 
41-45:B          1     1 
46-50:A           1 1   2 
46-50:B            1   1 
Over 50:A             1 1 2 












































21-25:A 1 0.5  0.5           2 
21-25:B  1             1 
26-30:A   1 0.68  0.08         1.76 
26-30:B    1           1 
31-35:A     1 0.58  0.04       1.62 
31-35:B      1         1 
36-40:A       1 0.47  0.07     1.53 
36-40:B        1       1 
41-45:A         1 0.60     1.6 
41-45:B          1     1 
46-50:A           1 0.57  0.14 1.71 
46-50:B            1   1 
Over 50:A             1 0.5 1.5 
Over 50:B              1 1 
 
Table 4.12 































21-25:A 1 0.13  0.44           1.57 
21-25:B  1             1 
26-30:A   1 0.62  0.04         1.66 
26-30:B    1           1 
31-35:A     1 0.65  0.11       1.76 
31-35:B      1         1 
36-40:A       1 0.63  0.16     1.79 
36-40:B        1       1 
41-45:A         1 0.73     1.73 
41-45:B          1     1 
46-50:A           1 0.33  0.33 1.66 
46-50:B            1   1 
Over 50:A             1 1 2 









































21-25:A 1 0.19  0.50           1.65 
21-25:B  1             1 
26-30:A   1 0.64  0.06         1.7 
26-30:B    1           1 
31-35:A     1 0.50  0.14       1.64 
31-35:B      1         1 
36-40:A       1 1       2 
36-40:B        1       1 
41-45:A         1 0.25     1.25 
41-45:B          1     1 
46-50:A           1 1   2 
46-50:B            1   1 
Over 50:A             1 1 2 
Over 50:B              1 1 
 
4.4.1 Analysis of the Average Time in a System 
Table 4.14 below summarizes the mean time students stay in a system from Table 
4.10 until Table 4.13.  The value of 1 in this table should be ignored since it is 
meaningless to refer to because there are no students who enrolled at that particular 
age. The mean time students spend in a system over the four years of study indicates 
that they take an average of one and a half to two years. These values vary over time 
since the students’ mode of study; whether by research, coursework or by research 
and coursework are mixed together. Hence, this will affect the mean time they spend 














Summary of the Average Time of CAS’ Full-time Master’s Students in a System by 
Academic Year A051-A081 
 A051-A061 A061-A071 A071-A081 A081-A091 
21-25:A 1 2 1.57 1.65 
21-25:B 1 1 1 1 
26-30:A 1.89 1.76 1.66 1.7 
26-30:B 1 1 1 1 
31-35:A 1.73 1.62 1.76 1.64 
31-35:B 1 1 1 1 
36-40:A 1.71 1.53 1.79 2 
36-40:B 1 1 1 1 
41-45:A 1.78 1.6 1.73 1.25 
41-45:B 1 1 1 1 
46-50:A 2 1.71 1.66 2 
46-50:B 1 1 1 1 
Over 50:A 2 1.5 2 2 
Over 50:B 1 1 1 1 
 
4.5 Enrolment Projection Model 
The development of the enrolment projection model should include new students (A) 
who started their studies in the first semester of enrolment and those who continued 
(B) their studies to the next semester of enrolment as mentioned in Definition 3.4 in 
Chapter Three.  
 
This study projected a number of continuing students (B) for the year 2006 until 
2008 intake. The number of new students (A) for every intake depends on the 
historical data. These two groups of students (new and continuing students) should 






4.6 Enrolment Projection of Continuing Students Using Steady State 
Transition Probabilities 
This section discusses on the usage of the steady state probabilities in estimating 
future enrolment intakes. Table 4.15 to Table 4.17 present the enrolment projection 
of continuing students to the next year of commencement who started their studies in 
July 2005. Using the steady state probability which was obtained from Table 4.5, it is 
used to make the enrolment projection of the continuing students for the coming 
intakes (A061 until A081). 
 
To project the enrolment of continuing students at the A061 intake (Table 4.15), the 
transition probabilities in Table 4.5 (steady state) should multiply with the individual 
state totals from the A051 intake (Table 4.1). For example, a probability of 0.65 that 
students in the range age of 26-30 years will progress to the next year of 
commencement, the equation is simply 0.65 54 35× = . The projection for the next 
intake, A071, will use data forecasts of A061 as input, and the projection for the 
subsequent year, A081, follows the same manner. 
 








Projected Enrolment of Continuing CAS’ Full-time Master’s Students for July 2006 


































21-25:A                
21-25:B                
26-30:A    35  13         48 
26-30:B                
31-35:A      21  3       24 
31-35:B                
36-40:A        8  2     10 
36-40:B                
41-45:A          5  2   7 
41-45:B                
46-50:A            3   3 
46-50:B                
Over 50:A              3 3 
Over 50:B                





Projected Enrolment of Continuing CAS’ Full-time Master’s Students for July 2007 


































21-25:A                
21-25:B                
26-30:A    31.1  11.6         42.7 
26-30:B                
31-35:A      15.3  2.2       17.5 
31-35:B                
36-40:A        5.7  1.4     7.1 
36-40:B                
41-45:A          3.9  1.6   5.4 
41-45:B                
46-50:A            3   3 
46-50:B                
Over 50:A              3 3 
Over 50:B                






Projected Enrolment of Continuing CAS’ Full-time Master’s Students for July 2008 


































21-25:A                
21-25:B                
26-30:A    27.6  10.3         37.9 
26-30:B                
31-35:A      11.1  1.6       12.7 
31-35:B                
36-40:A        4.1  1.0     5.1 
36-40:B                
41-45:A          3.0  1.2   4.2 
41-45:B                
46-50:A            3   3 
46-50:B                
Over 50:A              3 3 
Over 50:B                
 Total 65.9 
 
From Table 4.15 until Table 4.17, the predicted number of continuing students at the 
A061, A071 and A081 intakes should total up with the number of new students (A) 
from the historical data at A061, A071 and A081 respectively to obtain the total 
number of students enrolled at the university. The predicted enrolment figure is then 
validated with the actual data using MAPE. The result is presented in Table 4.18. 
 
In Table 4.18, it shows that the percentage errors are small (lower than 10%) at the 
A061 and A071 intakes, but exceeds 10% at the A081 intake. The predicted value is 
far from the actual enrolment of about 39 students. This may be due to the fact that 
many students have graduated at this time. Therefore, an in depth analysis should be 







Enrolment Projection Model Using Markov Chain  
Semester 
Intake 





      New (A) 
      Continuing (B) 

















      New (A) 
      Continuing (B) 

















      New (A) 
      Continuing (B) 

















4.7 Enrolment Projection of Continuing Students Using Smoothed 
Transition Probabilities 
In this section, an analysis is done at the transition probabilities since the MAPE 
value gives an error that exceeds 10% at the semester A081 intake. A preliminary 
study of the data shows that there are instability trends towards graduation which 
increased in the third year (2008) after the commencement of the study in 2005. This 
is supported by the result in Table 4.9. The rate of students moving into the 
graduation state will remain constant for the next three years. 
 
According to Armstrong (2001) in the book ‘Principles of Forecasting’, he 
mentioned the use of a moving average to smooth out any instability. Hence, this 
study is trying to adopt this principle in improving the result by the Markov chain. 
This principle is also supported by Hair (2002), where he used the smoothing 
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average to calculate the transition probabilities over the four-year time period for the 
dynamic environment.  
 
The average of the transition probabilities for the three years of intake which is from 
July 2006 (A061) until July 2008 (A081) is calculated to smooth out any instability, 
especially on the trend toward graduation. Based on the transition probabilities in 
Tables 4.6, 4.7, and 4.8, the average of the transition probabilities is shown in Table 
4.19 and provides smoothed transition probabilities over 3-years versus 1-year 
transition time. The smoothed transition probability is then used to project the 
continuing students (B) for the A061, A071 and A081 intake. The enrolment for the 
A061 intake is obtained by multiplying the smoothed transition probabilities (Table 
4.19) with the individual state totals from the A051 intake (Table 4.1). The 
projection for the A071 intake will use data forecasts of A061 as input, and the 
projection for the subsequent year, A081, follows the same manner. The new 



















































21-25:A  0.27  0.47           0.06 0.08 1.00 
21-25:B                  
26-30:A    0.65  0.06         0.19 0.10 1.00 
26-30:B                  
31-35:A      0.58  0.10       0.15 0.17 1.00 
31-35:B                  
36-40:A        0.70  0.07     0.12 0.11 1.00 
36-40:B                  
41-45:A          0.53     0.15 0.32 1.00 
41-45:B                  
46-50:A            0.63  0.16 0.21 0 1.00 
46-50:B                  
Over 50:A              0.83 0 0 1.00 
Over 50:B                  
Dropout 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 0 1.00 




Projected Enrolment of Continuing CAS’ Full-time Master’s Students for July 2006 


































21-25:A                
21-25:B                
26-30:A    34.8  3.2         38 
26-30:B                
31-35:A      19  3.3       22.3 
31-35:B                
36-40:A        9.8  1.1     10.9 
36-40:B                
41-45:A          4.8     4.8 
41-45:B                
46-50:A            1.9  0.5 2.4 
46-50:B                
Over 50:A              2.5 2.5 
Over 50:B                







Projected Enrolment of Continuing CAS’ Full-time Master’s Students for July 2007 


































21-25:A                
21-25:B                
26-30:A    24.5  2.3         26.8 
26-30:B                
31-35:A      12.9  2.2       15.1 
31-35:B                
36-40:A        7.6  0.8     8.4 
36-40:B                
41-45:A          2.5     2.5 
41-45:B                
46-50:A            1.5  0.4 1.9 
46-50:B                
Over 50:A              2.1 2.1 
Over 50:B                
 Total 56.8 
 
Table 4.22 
Projected Enrolment of Continuing CAS’ Full-time Master’s Students for July 2008 


































21-25:A                
21-25:B                
26-30:A    17.3  1.6         18.9 
26-30:B                
31-35:A      8.7  1.5       10.2 
31-35:B                
36-40:A        5.9  0.6     6.5 
36-40:B                
41-45:A          1.3     1.3 
41-45:B                
46-50:A            1.2  0.3 1.5 
46-50:B                
Over 50:A              1.7 1.7 
Over 50:B                






4.8 Model Comparison  
This study investigates the usage of Markov chain in projecting students’ enrolment 
and considers the average transition probabilities before predicting future enrolment 
numbers. Hence, a comparison is made between the Markov chain model with and 
without the smoothed transition probabilities and the actual data. They are shown in 
Table 4.23 and Figure 4.1. Figure 4.1visually depicts the comparison trend for both 
models and the actual data. 
 
The results in Table 4.23 show that the percentage error when applying smoothed 
transition probabilities gives errors less than 10% for the next three years of intake 
(A061, A071 and A081), while using the Markov chain model without smoothed 
transition probabilities only gives error less than 10% at two points, which are at the 
A061 and A071 intakes with error 2.02 % and 5.46 % respectively. 
Table 4.23 
Comparison of Result between the Actual Data and Markov Chain Model of CAS’ 
Full-time Master’s Students 
Semester 
Intake 




      New (A) 
      Continuing (B) 
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Figure 4.1. A Comparative Model of CAS’ Full-time Master’s Students 
 
4.9 Analysis of the Enrolment Projection 
The results in Table 4.23 and Figure 4.1 show that the Markov chain model by 
utilizing smoothed transition matrix is suitable to predict the enrolment projection 
when there is a dynamic flow of the student progress. For example, in this study, 
there is a change in trends towards graduation after three years of study. Hence, by 
considering the average transition probabilities towards graduation, the enrolment 
projection for future intake can be improved.  
 
Therefore, the enrolment projection of full-time Master’s students for the upcoming 
years can employ the Markov chain model with smoothed transition matrix because 
after three years, the number of full-time Master’s students graduating will increase.  
 
A scenario based on the increasing number in student population by 2012 is 
experimented to see the applicability of the smoothed transition probabilities in the 
Markov chain model and shown in the next section. 
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4.10 A Scenario of the Enrolment Projection 
A scenario based on UUM strategic planning for 2012 is adopted in developing the 
future enrolment projection model. UUM aims to achieve 40% of students 
registering at UUM, who will commence their postgraduate programs by 2012. 
Hence, the number of postgraduate students at UUM will increase at about 10% 
gradually each year until 2012. The determination of new students for the A091 until 
A121 intakes are assumed to follow this strategic planning, while the enrolment for 
the continuing students will follow the same trend as before. Table 4.24 exhibits the 
enrolment projection of CAS’ full-time Master’s students from 2009 until 2012. It 
also displays the student flows such as the number of students dropping out or 
graduating from postgraduate programs.  
Table 4.24 
Enrolment Projection of CAS’ full-time Master’s based on UUM Strategic Planning 
 
The results from Table 4.24 can be used by the administration as guidance to 
determine suitable plans and actions that need to be taken to smooth the study 
process, for example in determining the number of lecturers needed to supervise 
students. The number of students dropping out from their studies can also be used by 
the management of the college to track problems which may arise during the study 













New 169 186 204 224 246 
Continuing 27 83 59 42 30 
Total Enrolled 196 269 263 266 276 
Dropout 9 19 14 9 7 




The flow of postgraduate students through the educational process was analysed over 
the four-year period, starting from the July 2005 until July 2008 intake. The 
transition probability, the mean time and the absorbing probability were calculated to 
model the student flow.  This chapter presents the mean time, the estimated 
graduation probability, the enrolment projection model as well as the scenario based 
on college requirements. The conclusion of the findings and the significance of this 







This chapter concludes the findings of this study once the Markov chain model is 
implemented. The contributions of the study, assumptions, limitations as well as 
recommendations are presented in this chapter. Suggestions for future research are 
also discussed here. 
 
5.1 Summary of the Research 
This study consists of five chapters; chapter one, two, three, four and five. Chapter 
one introduces the problems that arise in the postgraduate education system, which 
are poor completion rates and the need for the enrolment projection model in 
strategic planning. Chapter one also provides the objectives and scope of the study. 
The main objective for this study is to predict the enrolment number in the future. 
The specific objectives to be achieved are to estimate the probability of students 
graduating and dropping out from their studies, and also to estimate the mean time 
students spend in the postgraduate system. 
 
In chapter two, it provides a snapshot of related methods that have been used in 
student flow analyses and enrolment projections. The strengths and weaknesses of 




to be implemented for this study is the Markov chain model. A discussion on 
variables, also known as states used for this study is provided here. The age and year 
of commencement has been selected as the transition state, while dropouts and 
graduations are selected as the absorbing states for this study.  
 
For chapter three, the data, concepts and the formulation of the Markov chain model 
are explained in depth. This chapter also provides the way to validate the proposed 
model, which is by comparing with the historical data by calculating the mean 
absolute percentage error (MAPE).    
 
In chapter four, the results of the application of the Markov chain model for full-time 
Master’s students at UUM are shown. The following is the conclusion for the usage 
of the Markov chain model in order to achieve the research objectives as mentioned 
previously in chapter one. 
 
• Findings related to the first research objective which is to estimate the 
probability of postgraduate students graduating from their programs.  
This study found that the probability of full-time Master’s students graduating from 
their studies increases as the time increases (from the admission starting in July 2005 
until July 2008) as shown in Table 4.9 in chapter four. This is because three years is 
the maximum time for them to finish their studies. So the number of students at the 






• Findings related to the second research objective which is to estimate the 
probability of postgraduate students dropping out from their studies. 
The probability of students dropping out from their studies starting from July 2005 
until July 2008 intake remains constant with the probability between 0.20 to 0.30 as 
shown in Table 4.9 in chapter four. 
• Findings related to the third research objective which is to estimate the 
average time students spend in their postgraduate programs. 
The estimated mean time of the full-time Master’s students at CAS to finish their 
studies is in between 1 to 2 years as shown in Table 4.14. This value is obtained by 
integrating the students’ mode of study; whether by research, coursework or by 
research and coursework.  
• Findings related to the main objective which is to predict future 
enrolments. 
The Markov chain model with smoothed transition probability is suitable to be 
adopted for dynamic environments whereas the one with steady state probability is 
useful for static environments. Using steady state probability, long-range plans of 






5.2 Contributions of the Research 
The contributions from this study can be divided into two; enrolment planning and 
the body of knowledge.  
 
5.2.1 Contributions to the Enrolment Planning 
The results of the enrolment projection from this study is valuable for the 
management of UUM such as the registrar to determine the number of students 
enrolling each semester, given the age range and number of dropouts and graduates 
as a guidance in the registration process.  The university planners can use these 
results to set up certain actions such as to monitor students who spend longer time in 
a system to finish their studies and indirectly, it can improve the number of students 
graduating from UUM. The estimated number of student admissions into the 
university can also be used to determine the number of lecturers needed for 
supervision, planning for space needed for parking, housings, cafeterias and so on.  
The results of the mean time students take to graduate can be used as a benchmark 
for students to set a target and finish their studies on time. Lecturers can also use this 
information to tackle problems that might arise during studies and take necessary 
actions to improve them.  
 
5.2.2 Contribution to the Body of Knowledge 
The Markov chain model can serve as an alternative method to predict the students’ 
intakes in the future. Although there are some other methods that can be used in 




data. Since the trends towards graduation change every three years (based on the 
maximum requirements for full-time Master’s students to finish their studies), the 
smoothed transition probability is proposed to enhance the steady state probability so 
that the model will give a close result to the actual number of students enrolled at the 
university. This research can serve as a model for any universities or organizations to 
predict the flow of their students in the future.  
 
5.3 Assumptions of the Research 
There are several assumptions for this study; 
• There is no difference in mode of study; whether by coursework, research or 
mix mode in completing a course. They follow the same requirements to 
complete their studies. 
• This study assumes two intakes per year. 
 
5.4 Limitations of the Research 
This study has several limitations in the development of the model. They are: 
• This study only analyzes the student flow at the College of Arts and Sciences 
(CAS).  
• This study does not count students who changed their status of study from 
full-time to part-time or vice versa. 
• This study does not count students who change their courses or programs. 





• This study does not include part-time PhD students because of the limitations 
of the data. 
 
5.5 Recommendations 
In order for the university to gain understanding of the flow of students during the 
study process, it is recommended for the UUM management to consider other 
variables or states such as gender, nationality, returning students after deferring their 
studies for some period of time into the model since the Markov chain model can act 
as a diagnostic tool to trace and correct the problems (Hair, 2002). 
 
5.6 Future Research 
The suggestions for future researchers in order to overcome the limitations of this 
study are, they should consider the interchanging mode of study; whether from part-
time to full-time or vice versa, and also interchanging status of study; from deferring 
to continuing programs as well as students who repeat their studies.  
 
They should take into account part-time PhD students at the CAS, as well as full-
time and part-time Master’s students at the COLGIS and COB in order to understand 





Future research should expand the average of transition probability (smoothed 
transition probability) from three years to more years based on the duration of study 
to finish the postgraduate program. 
 
Future researches are suggested to investigate the factors that contribute to dropping 
out of studies in order to understand the reasons why students are unable to finish 
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Part-time Master’s Students’ (CAS) Enrolment Transitions by Age Classification from 



































21-25:A                  
21-25:B                  
26-30:A    6  6         4 0 16 
26-30:B                  
31-35:A      14  1       9 0 24 
31-35:B                  
36-40:A        11  2     5 0 18 
36-40:B                  
41-45:A          15  3   6 0 24 
41-45:B                  
46-50:A            6   3 0 9 
46-50:B                  
Over 50:A              1 1 0 2 
Over 50:B                  
Dropout               0 0 0 
Grad               0 0 0 
Total               0 0 93 
 
Appendix B 
 Part-time Master’s Students’ (CAS) Enrolment Transitions by Age Classification from 



































21-25:A                  
21-25:B                  
26-30:A    10  4         9 2 25 
26-30:B                  
31-35:A      34  1       11 4 50 
31-35:B                  
36-40:A        15  7     8 2 32 
36-40:B                  
41-45:A          26  6   7 2 41 
41-45:B                  
46-50:A            6  1 2 2 11 
46-50:B                  
Over 50:A              3 2 0 5 
Over 50:B                  
Dropout               0 0 0 
Grad               0 0 0 





 Part-time Master’s Students’ (CAS) Enrolment Transitions by Age Classification from 



































21-25:A                  
21-25:B                  
26-30:A    24  13         10 6 53 
26-30:B                  
31-35:A      38  10       10 10 68 
31-35:B                  
36-40:A        25  4     18 9 56 
36-40:B                  
41-45:A          29  3   11 9 52 
41-45:B                  
46-50:A            15  1 7 3 26 
46-50:B                  
Over 50:A              4 2 0 6 
Over 50:B                  
Dropout               0 0 0 
Grad               0 0 0 
Total               0 0 261 
 
Appendix D 
Part-time Master’s Students’ (CAS) Enrolment Transitions by Age Classification from 



































21-25:A  1  1           0 8 10 
21-25:B                  
26-30:A    16  9         11 21 57 
26-30:B                  
31-35:A      32  8       9 18 67 
31-35:B                  
36-40:A        30  2     8 15 55 
36-40:B                  
41-45:A          26  5   4 6 41 
41-45:B                  
46-50:A            2  1 5 3 11 
46-50:B                  
Over 50:A              1 2 2 11 
Over 50:B                  
Dropout               0 0 0 
Grad               0 0 0 




Transition Matrix for Part-time Master’s Students (CAS) by Age Classification from 




































21-25:A                  
21-25:B                  
26-30:A    0.38  0.38         0.3 0 1.00 
26-30:B                  
31-35:A      0.58  0.04       0.4 0 1.00 
31-35:B                  
36-40:A        0.61  0.11     0.3 0 1.00 
36-40:B                  
41-45:A          0.63  0.13   0.3 0 1.00 
41-45:B                  
46-50:A            0.67   0.3 0 1.00 
46-50:B                  
Over 50:A              0.5 0.5 0 1.00 
Over 50:B                  
Dropout 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 0 1.00 
Grad 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 1.00 
 
Appendix F 
Transition Matrix for Part-time Master’s Students (CAS) by Age Classification from 




































21-25:A                  
21-25:B                  
26-30:A    0.40  0.16         0.36 0.08 1.00 
26-30:B                  
31-35:A      0.68  0.02       0.22 0.08 1.00 
31-35:B                  
36-40:A        0.47  0.22     0.25 0.06 1.00 
36-40:B                  
41-45:A          0.63  0.15   0.17 0.05 1.00 
41-45:B                  
46-50:A            0.55  0.09 0.18 0.18 1.00 
46-50:B                  
Over 50:A              0.60 0.40 0 1.00 
Over 50:B                  
Dropout 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 0 1.00 





Transition Matrix for Part-time Master’s Students (CAS) by Age Classification from 




































21-25:A                  
21-25:B                  
26-30:A    0.45  0.25         0.19 0.11 1.00 
26-30:B                  
31-35:A      0.56  0.14       0.15 0.15 1.00 
31-35:B                  
36-40:A        0.45  0.71     0.32 0.16 1.00 
36-40:B                  
41-45:A          0.56  0.06   0.21 0.17 1.00 
41-45:B                  
46-50:A            0.58  0.04 0.27 0.11 1.00 
46-50:B                  
Over 50:A              0.67 0.33 0 1.00 
Over 50:B                  
Dropout 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 0 1.00 
Grad 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 1.00 
 
Appendix H 
Transition Matrix for Part-time Master’s Students (CAS) by Age Classification from 




































21-25:A  0.10  0.10           0 0.80 1.00 
21-25:B                  
26-30:A    0.28  0.16         0.19 0.37 1.00 
26-30:B                  
31-35:A      0.48  0.12       0.13 0.27 1.00 
31-35:B                  
36-40:A        0.55  0.04     0.14 0.27 1.00 
36-40:B                  
41-45:A          0.63  0.12   0.10 0.15 1.00 
41-45:B                  
46-50:A            0.18  0.09 0.45 0.27 1.00 
46-50:B                  
Over 50:A              0.64 0.18 0.18 1.00 
Over 50:B                  
Dropout 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 0 1.00 




Probability of Part-time Master’s Students (CAS) Ending into Dropout and Graduation 
by Academic Year from July 2005 (A051) until July 2009 (A091) Intake by Age 
Classification 
 A051 - A061 A061 - A071 A071 - A081 A081 - A091 
 Dropout Graduation Dropout Graduation Dropout Graduation Dropout Graduation 
21-25:A 0 0 0 0 0 0 0 0.80 
21-25:B         
26-30:A 0.25 0 0.36 0.08 0.19 0.11 0.19 0.37 
26-30:B         
31-35:A 0.38 0 0.22 0.08 0.15 0.15 0.13 0.27 
31-35:B         
36-40:A 0.28 0 0.25 0.06 0.32 0.16 0.14 0.27 
36-40:B         
41-45:A 0.25 0 0.17 0.05 0.21 0.17 0.10 0.15 
41-45:B         
46-50:A 0.33 0 0.18 0.18 0.27 0.11 0.45 0.27 
46-50:B         
Over 50:A 0.50 0 0.40 0 0.33 0 0.18 0.18 
Over 50:B         
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21-25:A 1              1 
21-25:B  1             1 
26-30:A   1
 
0.38  0.38         1.76 
26-30:B    1           1 
31-35:A     1 0.58  0.04       1.63 
31-35:B      1         1 
36-40:A       1 0.61  0.11     1.72 
36-40:B        1       1 
41-45:A         1 0.63  0.12   1.75 
41-45:B          1     1 
46-50:A           1 67   1.67 
46-50:B            1   1 
Over 50:A             1 0.50 1.5 
Over 50:B              1 1 





































21-25:A 1              1 
21-25:B  1             1 
26-30:A   1 0.4  0.16         1.56 
26-30:B    1           1 
31-35:A     1 0.68  0.02       1.7 
31-35:B      1         1 
36-40:A       1 0.47  0.22     1.69 
36-40:B        1       1 
41-45:A         1 0.63  0.15   1.78 
41-45:B          1     1 
46-50:A           1 0.55  0.09 1.64 
46-50:B            1   1 
Over 50:A             1 0.6 1.6 
Over 50:B              1 1 
• Total x 1.5 years (minimum requirement to graduate) 
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21-25:A 1              1 
21-25:B  1             1 
26-30:A   1 0.45  0.25         1.7 
26-30:B    1           1 
31-35:A     1 0.56  0.15       1.71 
31-35:B      1         1 
36-40:A       1 0.45  0.07     1.52 
36-40:B        1       1 
41-45:A         1 0.56  0.06   1.62 
41-45:B          1     1 
46-50:A           1 0.58  0.04 1.62 
46-50:B            1   1 
Over 50:A             1 0.67 1.67 
Over 50:B              1 1 








































21-25:A 1              1 
21-25:B  1             1 
26-30:A   1 0.28  0.16         1.44 
26-30:B    1           1 
31-35:A     1 0.48  0.12       1.6 
31-35:B      1         1 
36-40:A       1 0.55  0.04     1.59 
36-40:B        1       1 
41-45:A         1 0.63  0.12   1.75 
41-45:B          1     1 
46-50:A           1 0.18  0.09 1.27 
46-50:B            1   1 
Over 50:A             1 0.64 1.64 
Over 50:B              1 1 
• Total x 1.5 years (minimum requirement to graduate) 
 
Appendix N 
Summary of the Average Time of CAS’ Part-time Master’s Students in a System by 
Academic Year A051-A081 
 A051-A061 A061-A071 A071-A081 A081-A091 
21-25:A 1 1 1 1 
21-25:B 1 1 1 1 
26-30:A 1.76 1.56 1.7 1.44 
26-30:B 1 1 1 1 
31-35:A 1.63 1.7 1.71 1.6 
31-35:B 1 1 1 1 
36-40:A 1.72 1.69 1.52 1.59 
36-40:B 1 1 1 1 
41-45:A 1.75 1.78 1.62 1.75 
41-45:B 1 1 1 1 
46-50:A 1.67 1.64 1.62 1.27 
46-50:B 1 1 1 1 
Over 50:A 1.5 1.6 1.67 1.64 
Over 50:B 1 1 1 1 







Projected Enrolment of Continuing CAS’ Part-time Master’s Students for July 2006 


































21-25:A                
21-25:B    6  6         12 
26-30:A                
26-30:B      14  1       15 
31-35:A                
31-35:B        11  2     13 
36-40:A                
36-40:B          15  3   18 
41-45:A                
41-45:B            6   6 
46-50:A                
46-50:B              1 1 
Over 50:A                
Over 50:B                
 Total 65 
 
Appendix P 
Projected Enrolment of Continuing CAS’ Part-time Master’s Students for July 2007 


































21-25:A                
21-25:B    4.5  4.5         9 
26-30:A                
26-30:B      8.75  0.63       9.38 
31-35:A                
31-35:B        7.94  1.44     9.38 
36-40:A                
36-40:B          11.3  2.25   13.5 
41-45:A                
41-45:B            4   4 
46-50:A                
46-50:B              0.5 0.5 
Over 50:A                
Over 50:B                





Projected Enrolment of Continuing CAS’ Part-time Master’s Students for July 2008 


































21-25:A                
21-25:B    5.83  2.17         8 
26-30:A                
26-30:B      5.97  0.85       6.82 
31-35:A                
31-35:B        5.37  1.34     6.71 
36-40:A                
36-40:B          7.5  3   10.5 
41-45:A                
41-45:B            4   4 
46-50:A                
46-50:B              0.5 0.5 
Over 50:A                
Over 50:B                
 Total 36.52 
 
Appendix R 
Enrolment Projection Model of CAS’ Part-time Master’s Students Using Markov Chain  
Semester 
Intake 





      New (A) 
      Continuing (B) 















      New (A) 
      Continuing (B) 















      New (A) 
      Continuing (B) 


























































21-25:A                  
21-25:B                  
26-30:A    0.38  0.19         0.24 0.19 1.00 
26-30:B                  
31-35:A      0.57  0.10       0.16 0.17 1.00 
31-35:B                  
36-40:A        0.49  0.11     0.23 0.17 1.00 
36-40:B                  
41-45:A          0.61  0.11   0.16 0.12 1.00 
41-45:B                  
46-50:A            0.43  0.07 0.30 0.19 1.00 
46-50:B                  
Over 50:A              0.63 0.31 0.06 1.00 
Over 50:B                  
Dropout 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 0 1.00 
Grad 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 1.00 
 
Appendix T 
Projected Enrolment of Continuing CAS’ Part-time Master’s Students for July 2006 


































21-25:A                
21-25:B                
26-30:A    6.05  3.0         9.05 
26-30:B                
31-35:A      13.73  2.29       16.02 
31-35:B                
36-40:A        8.76  1.96     10.72 
36-40:B                
41-45:A          14.61  2.61   17.22 
41-45:B                
46-50:A            3.91  0.66 4.57 
46-50:B                
Over 50:A              1.27 1.27 
Over 50:B                





Projected Enrolment of Continuing CAS’ Part-time Master’s Students for July 2007 


































21-25:A                
21-25:B                
26-30:A    3.42  1.69         5.11 
26-30:B                
31-35:A      9.17  1.53       10.70 
31-35:B                
36-40:A        5.22  1.17     6.39 
36-40:B                
41-45:A          10.48  1.87   12.35 
41-45:B                
46-50:A            1.99  0.34 2.33 
46-50:B                
Over 50:A              0.80 0.80 
Over 50:B                
 Total 37.68 
 
Appendix V 
Projected Enrolment of Continuing CAS’ Part-time Master’s Students for July 2008 


































21-25:A                
21-25:B                
26-30:A    1.93  0.96         2.89 
26-30:B                
31-35:A      6.12  1.02       7.14 
31-35:B                
36-40:A        3.11  0.69     3.80 
36-40:B                
41-45:A          7.52  1.34   8.86 
41-45:B                
46-50:A            1.01  0.17 1.18 
46-50:B                
Over 50:A              0.52 0.52 
Over 50:B                





Comparison of Result between the Actual Data and Markov Chain Model of CAS’ Part-
time Master’s Students 
Semester 
Intake 




      New (A) 
      Continuing (B) 




















      New (A) 
      Continuing (B) 




















      New (A) 
      Continuing (B) 














































Full-time PhD’s Students’ (CAS) Enrolment Transitions by Age Classification from July 



































21-25:A                  
21-25:B                  
26-30:A    3           3 0 6 
26-30:B                  
31-35:A      6         1 0 7 
31-35:B                  
36-40:A        1  1     5 0 7 
36-40:B                  
41-45:A          4  1   0 0 5 
41-45:B                  
46-50:A            2   4 0 6 
46-50:B                  
Over 50:A              3 0 0 3 
Over 50:B                  
Dropout               0 0 0 
Grad               0 0 0 
Total               0 0 34 
 
Appendix Y 
Full-time PhD’s Students’ (CAS) Enrolment Transitions by Age Classification from July 



































21-25:A                  
21-25:B                  
26-30:A    3           4 0 7 
26-30:B                  
31-35:A      4         3 0 7 
31-35:B                  
36-40:A        8  5     1 0 14 
36-40:B                  
41-45:A          8     3 0 11 
41-45:B                  
46-50:A            1  1 4 0 6 
46-50:B                  
Over 50:A              3 1 0 4 
Over 50:B                  
Dropout               0 0 0 
Grad               0 0 0 






Full-time PhD’s Students’ (CAS) Enrolment Transitions by Age Classification from July 



































21-25:A    1           0 0 1 
21-25:B                  
26-30:A    7  4         4 0 15 
26-30:B                  
31-35:A      8  4       2 2 16 
31-35:B                  
36-40:A        10  1     4 2 17 
36-40:B                  
41-45:A          8     3 1 12 
41-45:B                  
46-50:A            4   0 0 4 
46-50:B                  
Over 50:A              4 2 1 7 
Over 50:B                  
Dropout               0 0 0 
Grad               0 0 0 
Total               0 0 72 
 
Appendix ZA 
Full-time PhD’s Students’ (CAS) Enrolment Transitions by Age Classification from July 



































21-25:A    1           0 0 1 
21-25:B                  
26-30:A    9  7         4 0 20 
26-30:B                  
31-35:A      20  1       7 2 30 
31-35:B                  
36-40:A        17  2     3 1 23 
36-40:B                  
41-45:A          26     1 1 28 
41-45:B                  
46-50:A            3   2 0 5 
46-50:B                  
Over 50:A              4 1 0 5 
Over 50:B                  
Dropout               0 0 0 
Grad               0 0 0 




Transition Matrix for Full-time PhD’s Students (CAS) by Age Classification from July 




































21-25:A                  
21-25:B                  
26-30:A    0.5           0.50 0 1.00 
26-30:B                  
31-35:A      0.86         0.14 0 1.00 
31-35:B                  
36-40:A        0.14  0.14     0.71 0 1.00 
36-40:B                  
41-45:A          0.80  0.20   0 0 1.00 
41-45:B                  
46-50:A            0.33   0.67 0 1.00 
46-50:B                  
Over 50:A              1 0 0 1.00 
Over 50:B                  
Dropout 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 0 1.00 
Grad 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 1.00 
 
Appendix ZC 
Transition Matrix for Full-time PhD’s Students (CAS) by Age Classification from July 




































21-25:A                  
21-25:B                  
26-30:A    0.43           0.57 0 1.00 
26-30:B                  
31-35:A      0.57         0.43 0 1.00 
31-35:B                  
36-40:A        0.57  0.36     0.07 0 1.00 
36-40:B                  
41-45:A          0.73     0.27 0 1.00 
41-45:B                  
46-50:A            0.17  0.17 0.67 0 1.00 
46-50:B                  
Over 50:A              0.75 0.25 0 1.00 
Over 50:B                  
Dropout 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 0 1.00 




Transition Matrix for Full-time PhD’s Students (CAS) by Age Classification from July 




































21-25:A                  
21-25:B                  
26-30:A    0.47  0.27         0.3 0 1.00 
26-30:B                  
31-35:A      0.50  0.25       0.1 0.13 1.00 
31-35:B                  
36-40:A        0.59  0.06     0.2 0.12 1.00 
36-40:B                  
41-45:A          0.67     0.3 0.8 1.00 
41-45:B                  
46-50:A            1   0 0 1.00 
46-50:B                  
Over 50:A              0.57 0.3 0.14 1.00 
Over 50:B                  
Dropout 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 0 1.00 
Grad 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 1.00 
 
Appendix ZE 
Transition Matrix for Full-time PhD’s Students (CAS) by Age Classification from July 




































21-25:A                  
21-25:B                  
26-30:A    0.45  0.35         0.2 0 1.00 
26-30:B                  
31-35:A      0.67  0.03       0.2 0.07 1.00 
31-35:B                  
36-40:A        0.74  0.09     0.1 0.04 1.00 
36-40:B                  
41-45:A          0.93     0 0.04 1.00 
41-45:B                  
46-50:A            0.6   0.4 0 1.00 
46-50:B                  
Over 50:A              0.8 0.2 0 1.00 
Over 50:B                  
Dropout 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 0 1.00 


































21-25:A 1              1 
21-25:B  1             1 
26-30:A   1
 
0.5           1.5 
26-30:B    1           1 
31-35:A     1 0.86         1.86 
31-35:B      1         1 
36-40:A       1 0.14  0.14     1.28 
36-40:B        1       1 
41-45:A         1 0.80  0.2   2 
41-45:B          1     1 
46-50:A           1 0.33   1.33 
46-50:B            1   1 
Over 50:A             1 1 2 
Over 50:B              1 1 
• Total x 2 years (minimum requirement to graduate) 
 
Appendix ZG 






























21-25:A 1              1 
21-25:B  1             1 
26-30:A   1
 
0.43           1.43 
26-30:B    1           1 
31-35:A     1 0.57         1.57 
31-35:B      1         1 
36-40:A       1 0.57  0.36     1.93 
36-40:B        1       1 
41-45:A         1 0.72     1.72 
41-45:B          1     1 
46-50:A           1 0.17  0.17 1.34 
46-50:B            1   1 
Over 50:A             1 0.75 1.75 
Over 50:B              1 1 









































21-25:A 1              1 
21-25:B  1             1 
26-30:A   1
 
0.47  0.27         1.74 
26-30:B    1           1 
31-35:A     1 0.5  0.25       1.75 
31-35:B      1         1 
36-40:A       1 0.59  0.06     1.65 
36-40:B        1       1 
41-45:A         1 0.67     1.67 
41-45:B          1     1 
46-50:A           1 1   2 
46-50:B            1   1 
Over 50:A             1 0.57 1.57 
Over 50:B              1 1 
• Total x 2 years (minimum requirement to graduate) 
 
Appendix ZI 






























21-25:A 1              1 
21-25:B  1             1 
26-30:A   1
 
0.45  0.35         1.8 
26-30:B    1           1 
31-35:A     1 0.67  0.03       1.7 
31-35:B      1         1 
36-40:A       1 0.74  0.09     1.83 
36-40:B        1       1 
41-45:A         1 0.93     1.93 
41-45:B          1     1 
46-50:A           1 0.6   1.6 
46-50:B            1   1 
Over 50:A             1 0.8 1.8 
Over 50:B              1 1 











Summary of the Average Time of CAS’ Full-time PhD’s Students in a System by 
Academic Year A051-A081 
 A051-A061 A061-A071 A071-A081 A081-A091 
21-25:A 1 1 1 1 
21-25:B 1 1 1 1 
26-30:A 1.5 1.43 1.74 1.8 
26-30:B 1 1 1 1 
31-35:A 1.86 1.57 1.75 1.7 
31-35:B 1 1 1 1 
36-40:A 1.28 1.93 1.65 1.83 
36-40:B 1 1 1 1 
41-45:A 2 1.72 1.67 1.93 
41-45:B 1 1 1 1 
46-50:A 1.33 1.34 2 1.6 
46-50:B 1 1 1 1 
Over 50:A 2 1.75 1.57 1.8 
Over 50:B 1 1 1 1 
• Total x 2 years (minimum requirement to graduate) 
Appendix ZK 
Projected Enrolment of Continuing CAS’ Full-time PhD’s Students for July 2006 Intake 


































21-25:A                
21-25:B    3           3 
26-30:A                
26-30:B      6         6 
31-35:A                
31-35:B        1  1     2 
36-40:A                
36-40:B          4  1   5 
41-45:A                
41-45:B            2   2 
46-50:A                
46-50:B              3 3 
Over 50:A                
Over 50:B                






Projected Enrolment of Continuing CAS’ Full-time PhD’s Students for July 2007 Intake 


































21-25:A                
21-25:B    1.5           1.5 
26-30:A                
26-30:B      5.14         5.14 
31-35:A                
31-35:B        0.29  0.29     0.58 
36-40:A                
36-40:B          4  1   5 
41-45:A                
41-45:B            0.67   0.67 
46-50:A                
46-50:B              3 3 
Over 50:A                
Over 50:B                
 Total 15.89 
Appendix ZM 
Projected Enrolment of Continuing CAS’ Full-time PhD’s Students for July 2008 Intake 


































21-25:A                
21-25:B    0.75           0.75 
26-30:A                
26-30:B      4.41         4.41 
31-35:A                
31-35:B        0.08  0.08     0.16 
36-40:A                
36-40:B          4  1   5 
41-45:A                
41-45:B            0.22   0.22 
46-50:A                
46-50:B              3 3 
Over 50:A                
Over 50:B                






Enrolment Projection Model of CAS’ Full-time PhD’s Students Using Markov Chain  
Semester 
Intake 





      New (A) 
      Continuing (B) 














      New (A) 
      Continuing (B) 














      New (A) 
      Continuing (B) 




















































21-25:A                  
21-25:B                  
26-30:A    0.45  0.21         0.34 0 1.00 
26-30:B                  
31-35:A      0.58  0.10       0.26 0.06 1.00 
31-35:B                  
36-40:A        0.63  0.17     0.15 0.05 1.00 
36-40:B                  
41-45:A          0.77     0.19 0.04 1.00 
41-45:B                  
46-50:A            0.59  0.06 0.36 0 1.00 
46-50:B                  
Over 50:A              0.71 0.25 0.05 1.00 
Over 50:B                  
Dropout 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.00 0 1.00 






Projected Enrolment of Continuing CAS’ Full-time PhD’s Students for July 2006 Intake 


































21-25:A                
21-25:B                
26-30:A    2.69  1.23         3.92 
26-30:B                
31-35:A      4.06  0.66       4.72 
31-35:B                
36-40:A        4.43  1.17     5.60 
36-40:B                
41-45:A          3.87     3.87 
41-45:B                
46-50:A            3.53  0.33 3.86 
46-50:B                
Over 50:A              2.12 2.12 
Over 50:B                
 Total 24.10 
 
Appendix ZQ 
Projected Enrolment of Continuing CAS’ Full-time PhD’s Students for July 2007 Intake 


































21-25:A                
21-25:B                
26-30:A    1.76  0.81         2.57 
26-30:B                
31-35:A      2.73  0.45       3.18 
31-35:B                
36-40:A        3.55  0.94     4.49 
36-40:B                
41-45:A          3     3 
41-45:B                
46-50:A            2.28  0.21 2.49 
46-50:B                
Over 50:A              1.5 1.5 
Over 50:B                





Projected Enrolment of Continuing CAS’ Full-time PhD’s Students for July 2008 Intake 


































21-25:A                
21-25:B                
26-30:A    1.15  0.53         1.68 
26-30:B                
31-35:A      1.84  0.3       2.14 
31-35:B                
36-40:A        2.84  0.75     3.59 
36-40:B                
41-45:A          2.32     2.32 
41-45:B                
46-50:A            1.47  0.14 1.61 
46-50:B                
Over 50:A              1.06 1.06 
Over 50:B                




Comparison of Result between the Actual Data and Markov Chain Model of CAS’ Full-
time PhD’s Students 
Semester 
Intake 




      New (A) 
      Continuing (B) 




















      New (A) 
      Continuing (B) 




















      New (A) 
      Continuing (B) 
      Total 
 
91 
13 
104 
 
91 
14 
105 
 
91 
12 
103 
 
 
0.96 
 
 
0.96 
 
